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THE HEART IN RHEUMATOID ARTHRITIS 

A Study of Thirty-Eight Autopsy Cases 
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A LTHOUGH a common etiological background for chronic rheu- 
matoid arthritis and rheumatic heart disease has been accepted in 
Europe, principally by German authors, 1 ' 4 but also by some of the Eng- 
lish, 5 ' 10 French, 11 ' 10 and Scandinavian writers, 17 this concept has by no 
means been established in this country. The prevailing opinion here 
•has been that, when chronic structural joint changes and evidence 
of rheumatic carditis co-exist, it is a rather rare combination of two 
distinct clinical entities. The belief is that either they are present con- 
currently , 18> 10 or that the arthritis was preceded by acute or subacute 
rheumatic fever. 20 ’ 21 The most recent Primer on Arthritis, 23 published 
by the American Rheumatism Association, holds this view. 

Unfortunately, this concept of an etiological difference persists . be- 
cause of.the lack of post-mortem studies of a sufficiently large number 
of patients with rheumatoid arthritis, for, as pointed out forty years ago 
by Pribram, 2 and later by Klingc, 4 the clinical diagnosis of heart disease 
in patients with arthritis is infrequently made. Baggenstoss and Rosen- 
berg, 23 in reporting a series of twenty-five cases in which there were 
autopsies, found twenty cardiac lesions, fourteen of which were as- 
sumed to be rheumatic. The clinical diagnosis was made in only seven 
of these cases. In Bayles’ 24 recent paper, of the six cases in which 
rheumatic heart disease was found at necropsy, the clinical diagnosis 
had been made in four. 

It is the purpose of this report to present the post-mortem and related 
clinical data in thirty-eight cases of rheumatoid arthritis in adults. In 
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not to be construed as reflecting those of the United States Armv or of the Navv 
Department. ‘ • 

Received for publication July G, 19-13. 

From the Medical Service, Monteflore Hospital, New York, N. Y. 

‘Captain, Medical Corps, Army of the United States. 
tUt. Comdr., Medical Corps, United States Naval Reserve. 


3 


















YOUNG AND SCHWEDEL : HEART IN RHEUMATOID ARTHRITIS 3 




Emacia- 

tion 

Premature 

senility 


Rheumatic 

fever 


Acute ne- 
phritis 
Calcification 
of spinal 
ligaments 


Amyloidosis 
of liver, 
spleen, and 
adrenals 

Carcinoma 
of kidney 
with metas- 
tascs 


Amyloidosis 
of liver 
and kid- 
neys 

Left knee 
joint- 
fibrous 
obliteration 
of cavity; 
bone at- 
rophy 

Congestive 

failure 

.Broncho- 

pneumonia 

Pulmonary 

infarct 

Broncho- 

pneumonia 

Pulmonary 

edema 

Carcinoma 

o o 

33 ,t 
c3 -t- 2 o 

C « CJ — 

2 o £ ’« 

M U 

Pulmonary 

tuberculo- 

sis 

Weight S50 Cun. . 
Healed rheumatic 
endocarditis of 
aortic valve 

« c 

©.£ 

C3 33 

CO rt K 

*2 c? 

rS .A 

crp: 

£o 1 

Weight 330 6m. 
Healed rheumatic 
endocarditis of 
mitral and aortic 
valves. Indeter- 
minate endo- 
carditis of mitral 
and aortic valves 

Weight 400 Gra. 
Healed rheumatic 
endocarditis of 
mitral valve. 
Slight thickening 
base of aortic 
valve 

Weight 250 Gin. 
Acute rheumatic 
pericarditis 

Weight 220 6m, 
Chronic adhesive 
pericarditis. 
Healed rheumatic 
endocarditis of 
mitral, aortic and 
tricuspid valves. 
Left and right 
auricular endo- 
carditis 

Enlarged heart 

A. I. 

B. P. 130/10 
ECG— L.A.D. 

T„ T, invert- 
ed, P.R. 0.25 

Heart sounds 
distant 

B.P. S8/50 

i 


Enlarged heart 
M.I., A.I. 

B.P. 125/50 

Feeble heart 
sounds, tachy- 
cardia 

B.P. 120/S0 

Enlarged heart 
M.I. 

Spine 
(marked), 
hips, knees, 
shoulders 

Upper and low- 
er extremities 

Spine 

(marked), up- 
per and lower 
extremities 

1 

Upper and low- 
er extremities 

Fingers, shoul- 
ders, elbows, 
knees, ankles 

Spine 

(marked), up- 
er and lower 
extremities 

Progressive 
pain and rig- 
idity of spine. 
Insidious de- 
formity 

Multiple, insi- 
dious deform- 
ity. Acute 
episode at 46 
years of age 

Insidious, pro- 
gressive, mul- 
tiple deform- 
ity 

Progressive in- 
: sidious, mul- 
tiple deform- 
ity 

Acute exacer- 
bations with 
progressive 
deformity 

Progressive de- 
formity. Bed 
ridden 9 years 

Acute poly- 
arthritis 


Painless 
swelling 
right knee 

* 1 Swollen 
hands ’ ’ 

Acute poly- 
arthritis 

Acute poly- 
arthritis 

Ci 

co 

ca 

<M 

s 


-tl 



o 



CO 

1 


CM 

C. 

O 

rc 

- 


IP 

cc 

IP 

Cl 

12 

Ci 



Cl 

Ci 


CM 

4 

ro 

IP 



t— j 

U -J 



rZ \ 

Ps 


& 



uo 



CO 

o 

o 






T— i 






















































T.mh.i; l— CoNT'u 


4 


AMERICAN 


i l KART JOKRXAL 












YOUNG AND SCHWEDEL: HEART IN RHEUMATOID ARTHRITIS . 5 


Subcuta- 

neous 

nodules 

h 

a 

S — 

S.s 
a * 

Active 
rheumatic 
fever 
with con- 
gestive 
failure 

J3 

O 

X 


Dill' use 
nephritis 


- 

Biliary cir- 
rhosis 

Adenoma of 
thyroid 


Lobar pneu- 
monia 

o 

> 

'Z a 

X 

o s 

p ct 

6^ 


O 

.S O 

f c y 

g. 5 

c *5 5 £ 

o£ 0 

0 h r O 

*H C 

2 I- 0 

S3 2 O a 
« tUO*-; 

P c g’ci 

Weight 430 Gm. 
Adhesive peri- 
carditis. Arterio- 
sclerotic thicken- 
ing of mitral, 
aortic and tri- 
cuspid valves 

o'B 

o P- 

O o 
w .1 tfi 
a: 

^ a ^ 

^ o , 

*Z ^ ^ 

s §? g'-gs- -= s 

’S • S 10 ^ £ C ri 

o 2-5 “'gv 

C) P ^ E h-i ~ o: 

05 ^ r— ^ ° ..Sic 

Mor c Ji’ > s '? 'P 5 
‘S r c S £ 2 ^ .2 5 fci S 

>- O P > r- C? O C 

* 

•j-t , 

_• S 0 ® 
c cut; g 1 

O ^ ^ 

.*» 

^ 

£ x m 

ci "7c -*-* 

'ExS'S S'? 

rrj - 4-1 — 

©a £ cs 

Weight. <150 Gm. 
Healed rheumatic 
endocarditis of 
mitral and aortic 
valves. Left au- 
ricular endo-. 
carditis 

Sounds weak 
‘ ‘ tie-tac ’ ’ 
quality 

Apical systolic 
murmur 

B.P. 120/70 
ECG — low volt- 
age QRS„ 
high in Leads 
II and III 

Enlarged heart 
Sounds fair 
Harsh apical 
systolic mur- 
mur. 

13.P. .190/80; 

150/74 

ECG— L.A.D. 

i- r ( 

1 . fifrij 

Z^i e'S 

Jr b-T ^ £ 5 n* O cx— . L s- 

^ f-b 

0 P ^ *« 

^5 ^ Z jo 

« ir E ci ^ -*1 
cojj^oo 
■*■£ tp f-1 

cq g. *■ fg " P 

Enlarged heart 

A. I. 

B. P. 125/45 
ECG— R.A.D. 

Wrists, fingers, 
elbows, knees, 
spino 

Upper and low- 
er extremities, 
spine 

Cl 

.s 

X 

yT 

o 

cr. 

r7* 

Spine, upper 
and lower ex- 
tremities 

Upper and low- 
er extremities 

Progressive 
multiple de- 
formity 

Insidious, pro- 
gressive, mul- 
tiple deform- 
ity 

O -J3 _ C P_ 

.Sc i=c . ® S 5 

ii = 

iS9^.o5So^: 0 

g r P « 

^ > r ~ f " ’.T ^ zt 

fv; ^ * u w ~ CP 

Progressive, in- 
sidious, mul- 
tiple deform- 
ity. Bedridden 
1 (5 years 

Recurrence 

3 years later 
with further 
deformity — 
progressive 

Acute poly- 
arthritis 
with residu- 
al deform- 
ity 

Pain in 
right 
shoulder 

Acute rhcu- 
matic fever 
(joint in- 
volvement) 
at 11 yearh 
of age 

Pain and 
swelling of 
toes 

O 

S .2 
^ ^ 

O 


t- 

, 


IQ 



IO 




— r« 




« — ! 

T— 

O 

~z 



r-i 

O 

»o 

Cl 

oc 

^1 

t— 

tc 


o 

* * 

— j 


w-4 






fL 

£a 



T+l 



t— 

CO 

* — s 


1— i 

r~i 


































































YOUNG AND SCHWEDEL : HEART IN RHEUMATOID ARTHRITIS . 7 


































































YOUNG AND SCHWEDEL : HEART IN RHEUMATOID ARTHRITIS 


.2 o' 


p 
biD 

, - 02 

• £ G 

- 4 -i ® q © 

^ “T 

^5 3 2 

Pt. ci 33 3 


•r- 03 — 

— > ej += 

o d ot 

■n o -w 3 


fcc.A 
0 > 
*s 2 

© F 

M 

73 03 
V3 O 


© G 

r b.° 

! O 42 
I ,a ci 


<D 

> 

*-H © 

02 R. 

fec-s 

p3 

Och 


o 


S I 

O | 


O 3 

o t; 
eq * 
'S 
1= „SJ 
"fee's 

•■— Cj 

j*H 


O 


Vs £« 

riD d 
R* 

c ri rS 
£ ci 
o M 
rri -4-i 

g*g 

© G 


© 
> 
r— i 

a 

> 


cj M 

.2 <u 

^ •4-' 
f-t © 

o 

ci 3 
M 


S'S 

3 *S 

•g'S 

-SO 


02 


bO 

,S_ 
^ © 
■riGi 

a d 

p cj 


© 

> 

ri > 

4-> ^ 

bc.2 

o 443 

>s 

© ci 
•*-> 

d & 
.2 § 


-H 

to 


R 

c s n - 0(5 

« OH®g 

~R ri H 


Cn- 


G CO 
© © 


w 

bJC' 

RT ol'tc s 

P-. ^ ri 
© © 

*> FM 


if gf 


» d 3 « “ 
3 o *r* P 


*-*«t 

CQ 


S 2*C 

’ 02 


~ 3 
P G 


> G 


u 
© 

£ -W 

02 02 rr; 
- G 
© © 


© 

R< , 

bfl- _ , 
o [G ^P-< *>% 
*- *5; Vo fz 
PU 


© 02 
P-<Vo 

o 2 

3 •? 
cj 5 

«S ” 


Fj _ ai 
3 -R? 
I 2 S3 
IS o o 
|3 S S 
OQ 


•3 <a 

o 2-S « 

3 C » ^ 

-J 2 p 3 

« o ti)n3 
O B B rt 
QjO u 

PQ O • 


ci 

*3 © 

• §.£ 

2 C -*-> © 
JZ J 3 02 R. 

© ri P s 
G O fcJC^ 
° G G ri 

P-Och 


W 


© 


© • 


3 rt<W R g O 
B g ° 0«g C3 3 

C-J ri 02 ^ *G «H ri 

O S "4j fe2 "3 * fe^ l 
'cTS 56 a . 

t-. g d ^ » o 
rri f-* • ci t> 

■S © © ri 

°£ls> 


fee B , 


s g 

Sd 


S.2 

© R 
|2 
^ 02 


© i^j ri *G G .zi 'G 
b> hM © S p 4-» 4- G -+o 


R 

G OX 

o o P 


OO^OJH 

| 


‘S O O 3 

Sg« H I 

C H O . X 

O 0.2 

jg^rila 


> tn 
3 P 


O S 

§ s 

-iO 

Ri X 
© © 
P4 . 


© 


02 >-» 
02 -4-J 

2 # g 
fci} r 
P o 
r* «h 
P-i 


02 

G 

•r-» 

© ri 

*3 ri 

»r« 

3 O 


L3 

1.0 


R 


.2 2 
3 ci tfn 4^ 2 

S 3 O-B.S 

*-> 3 tn - S 

© •i— •>*-' 02 

0 i-wr;v w '" 
S 3 or 

1 if "o o a 25 5 

fcDcirH-^ >*r 
■ r-< O ri ' 

oh S 
o 


o 73 © 

^ > P 


•ri *- 
© g 
7i 

.§*8 


co 


p§ 


2> S 


> 02 


© 


o .G G 

— < 4-3 •>— 

*3 ^ 

?s« 

§ 2s 

R« "X 
© © > 
Ps , U 

P 


=H >-, 

Sis 

© 4^» 

ri p ’r 


R rt ** 


G © 
3 ° 
? - 


P 

ri 

<— ■ # 

c ^ 
,3 O 


© 

G 


02 
O 

c 

C c S 

O — « cr 4 


. . G 

>, 3 o 

© o z: 
P . 3J ri 

o o; p - r 

il >1 

G g o is 


K 


02 


G W ^ X 
, X ri 
o .H ri 


© — 7Z 

sSS 


c fe tc 


H I! II II II il 


*-* co 

k ‘ri iri 
^ ^ 
v 


^ M . Q . 


R css 



10 


AMERICAS* HEART JOURNAL 


thirty-three of these eases there were cardiac lesions which were not the 
result of hypertension or coronary artery disease. 

Although doubt has been cast on the accuracy of the separation into 
rheumatoid (atrophic, chronic infectious, proliferative) and osteo- 
arthritis (hypertrophic, senile, degenerative), the cases presented in this 
study were chosen in accordance with the classification of “rheumatoid 
arthritis” based on clinical, laboratory, and radiographic observations 
as defined by the American Rheumatism Association . 22 Doubtful cases 
of isolated hip, knee, or shoulder involvement, hypertrophic changes in 
the spine, and those with Heberden’s nodes were eliminated, as were 
those with a specific cause, such as tuberculosis, syphilis, gonorrhea, 
pyogenic infection, gout, and central nervous system disease. All pa- 
tients included in this material suffered from an inflammatory poly- 
articular process which was progressive in character and resulted in 
deformity and disability. These patients were closely followed in the 
hospital and in the pavilion for the disabled for months to years 
(twenty-six years in Case 1 ) before death occurred. The roentgenograms 
were characteristic of this disease in the earlier stages, but with advanc- 
ing years, additional hypertrophic degenerative changes were noted. 
In many cases there was anatomic verification of the nature of the joint 
disease. 

Gross and histologic study was made in all cases. Cardiac lesions 
designated as rheumatic were usually apparent from the gross appear- 
ance alone. The criteria employed were thickening of the edges of the 
mitral and tricuspid leaflets, plus thickening and shortening of their 
chordae tendineae, thickening and rolling of the free edges of the aortic 
leaflets, frequently with commissural adhesions, and thickening and oc- 
casionally calcification of the auricular endocardium (MnaCnlhvn 
lesions). Young Aschoff bodies were found in one case only. The 
microscopic appearance was characteristic. The diagnosis of acute 
rheumatic pericarditis was made when there was the typical “bread 
and butter” exudate grossly, and, microscopically, when palisading of 
fibroblasts and occasional round cells were seen. The lesions designated 
as nonspecific failed to show either sufficiently or clearly the charac- 
teristic rheumatic stigmata. 


results 

A detailed analysis of the results of this study is presented in Tables I 
and II. There were thirty-eight cases of chronic rheumatoid arthritis 
in adults in which necropsy was performed. Of this number, thirty- 
three presented cardiac lesions which were not the result of arteriosclero- 
sis or hypertension. Of this group, twenty-four had rheumatic valvu- 
lar diseas**, ten with pericarditis and fourteen without. The localiza- 
tion of valvular involvement is shown in Table III. Healed rheumatic 
valvulitis was present in twenty-three eases, recurrent rheumatic endo- 
carditis 01 the mitral and aortic valves in two eases, and early active 
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'Table II 

Clinical and Necropsy Data on Fra; Cases of Rheumatoid Arthritis Without 

Rheumatic Heart Disease 
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Table III 

Anatomic Localization of Rheumatic Valvulitis in Twenty-Four Cases 
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rheumatic mitral valvulitis in one case. Superimposed, indeterminate, 
vegetative or terminal endocarditis was found in four cases, and super- 
imposed nodular calcification of the leaflets or bases of the valves was 
noted in seven. Of these, except for one patient who was 48 years of 
age, all were 60 years or more at the time of death. A superimposed 
bacterial endocarditis was present in one ease. This was not suspected 
clinically, but, on section, numerous clumps of cocci were demonstrated 
on the mitral valve. In one case syphilitic aortitis was also present. 
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There were nine cases of pericarditis without associated valvular 
lesions. In this group there were one ease of acute rheumatic peri- 
carditis, two of acute fibrinous but nonspecific pericarditis, and six of 
adherent or obliterative pericarditis. Of the ten cases of combined 
valvulitis and pericarditis, acute rheumatic pericarditis was present in 
three. In the remaining seven eases there were areas of focal adhesive 
pericarditis or “milk spots.” Pericardial effusion (400 e.c.) was pres- 
ent in only one case, and was apparently due to congestive failure, . 

In the cases of rheumatic valvular disease, the heart weights ranged 
from 220 to 820 grams; the mean weight was 400 grams, which is greater 
than the accepted normal. Aschoff bodies in the myocardium were noted 
in only one case; here they were the only evidence of an active rheu- 
matic, process. .Myocardial lesions which were regarded as healed 
Aschoff bodies were found in two cases. In many cases there were small 
areas of perivascular scarring, hut the specificity of the lesion could 
not he demonstrated. Acute interstitial myocarditis was present in one 
case. 

CLINICAL CONSIDERATIONS 

There were 14 male and 19 female patients in this series. Congestive 
heart failure occurred in 22 cases, and was either the cause of death or 
preceded a terminal bronchopneumonia in these eases. As can be seen in 
Table IV. the majority lived beyond the usual life expectancy of pa- 
tients with rheumatic heart disease. This is undoubtedly a result of 
the inactivity imposed upon such patients by the chronic arthritis; most 
of them had been completely bedridden for many years. Since the 
period of hospitalization was extremely long for all patients, each was 
examined frequently hv many observers. Despite this, the clinical di ag- 
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posis of rheumatic heart disease was not made in 14 of the 32 cases 
(in one case there was no note concerning the heart) . Of these 14 cases, 
the presence of obliterative or adhesive pericarditis was not suspected 
in 6 ; acute fibrinous pericarditis was not suspected in 2. The diagnosis 
of rheumatic valvular disease w r as not made in 6 cases. The anatomic 
lesions are shown in Table Y. In the case of syphilis, apparently the 


B. 



A. G. 

Fig. 1. — Case 11 (C. B.). A, Marked arthritis deformans. Premature senility. 
B, Typical advanced deformity of hand, with characteristic atrophic radiographic 
changes. C, Electrocardiogram shows 2:1 auricular flutter and left axis deviation. 
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signs of aortitis overshadowed the murmurs of rheumatic valvular 
disease. Frequently a complete, anatomic, valvular diagnosis was not 
made clinically, but in all such cases the presence of rheumatic heart 
disease was clearly recognized. 


\9l. 
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K ‘S- 2.— Ca«« ; 1 a CM. V.). A, DoformlnK. anklyOBlns rirthritiK. cachexia and euU rn 
ou« iK.-rnorrha^nt. /.' ;, n <l C, Marked ^calcification of bonee, with n,irrov.inu oi 
joint cleft# and broadening of the ba«e# of the proximal phalanges 
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In view of the opinion of many that patients with rheumatoid arthritis 
who exhibit evidence of cardiac involvement have, or have had, rheu- 
matic fever, the clinical course of each of the thirty-three patients 
was closely studied. Only three (Cases 11, 16, and 20) gave a history 
of fiank lheumatie fever earlier in life. One had an attack of joint 
and cardiac involvement at the age of 8 years! with frequent recurrences 






Fig. 3. — Case 19 (A. B.). A, Marked arthritis deformans; cachexia. B, Left ven- 
tricular enlargement, With straightening of upper left cardiac contour; right hydro- 
thorax. C, (1) Electrocardiogram Aug. 15, 1934, shows regular sinus rhvthm with 
broadened, notched P waves, (2) Aug. 23, 1934, auricular fibrillation present. 

in childhood, but did not develop multiple joint deformities with an 
insidious, progressive course until the age of 44 years. The second 
patient had an initial attack of rheumatic fever in childhood; a recur- 
rence six months later was followed by residual deformity. The third 
patient suffered from chronic active rheumatic fever for four vears 
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during the course of which the joints became deformed. Two patients 
(Cases 19 and 21) probably had rheumatic fever in childhood, although 
whether they had cardiac involvement at that time could not be as- 
certained from the history. One developed insidious, progressive de- 
formities at the age of 50 years, the other, progressive deformity after 
an acute polyarthritis at the age of 31 years. 

Of the remaining twenty-eight eases, in fourteen the joint deformities 
occurred insidiously and were progressive, and there were no attacks 
of acute polyarthritis. This is the so-called “primary chronic poly- 
arthritis” of the German, authors. 1 * z > 4 Tn an equal number, there was 
an attack of acute polyarthritis at the onset of the illness, followed by 
progressive deformity, or frequent exacerbations of acute arthritis oc- 
curred during the course of the disease (“secondary chronic poly- 
arthritis”). The cardiac involvement in both groups was comparable 
in both type and extent of endocardial and pericardial involvement 
(Table VI). Of the five cases without cardiac involvement (Table II), 
the course was insidious and progressive in four. Of great interest in 
regard to the etiological relationship between joint and cardiac involve- 
ment is Case 9; this patient, with marked joint deformity for seven 
years, after repeated attacks of acute polyarthritis, was admitted to the 
hospital because of acute rheumatic fever. Necropsy revealed acute 
rheumatic pericarditis with no evidence of previous cardiac involve- 
ment. 

Table VI 

Comparison- ok Cardiac Involvement in Cases ok Insidious Progressive 
Deformity and Cases With Acute Attacks of Polyarthritis 


CARDIAC INVOLVEMENT 

INSIDIOUS PROGRESSIVE 
(“PRIMARY chronic 

POLYARTHRITIS “) 

ACUTE POLYARTHRITIS 
(“SECONDARY' CHRONIC 
POLYARTHRITIS “) 

Pericarditis 

5 

4 

Valvulitis 

S 

6 

Valvulitis and pericarditis 

1 

4 

Total 

14 

14 


The temporal relation between the age at which joint deformity oc- 
curred and the age at 'which heart disease was first discovered could 
be reasonably ascertained in IS eases. Fifteen cases were eliminated 
either because the cardiac involvement was not recognized clinically or 
the history was inadequate. Of the remaining cases, in 14 joint de- 
formity occurred from one to eighteen years (average, eight years) be- 
fore the discovery of heart disease. In 2 cases cardiac involvement 
preceded the rheumatoid arthritis. Cardiac and joint involvements were 
discovered concomitantly in 2 cases. 

Although it would appear from this that, in the majority of instances, 
cardiac involvement followed a prolonged period or repeated attacks 
of joint involvement, this cannot be stated with assurance, for the. ade- 
quacy of the initial cardiac examination is questionable. Baggensfoss 
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and Kosenberg 23 have expressed the opinion that the initial, although 
mild and slowly progressive, course of joint involvement may cause 
minimal cardiac damage which is not great enough to be recognized clin- 
ically. It must be remembered, however, that the arthritic constantly 
seeks medical care, and that each of these patients had been examined by 

a. o. 



B. D. 

Fig:. 4 — Case 20 (H. H.). A , Typical Marie-Strtlmpell spine. Arthritis of hands 
is also noted. B, The electrocardiogram shows auricular fibrillation and left axis 
deviation. O, Mitral stenosis and insufficiency. Dilatation of left auricle. D, Rheu- 
matic endocarditis of aortic valve. Hypertrophy of left ventricle. 
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compel cut physicians in 
records, particularly those 
unusually thorough. 


many clinics and hospitals, and that their 
ol the jVlontefiore Hospital admissions, were 



A. 


c. 


&a&! a ° ar ° a ‘ r ' ,lol,m 


A , Marker] arthritis deformans. Infantile gigantism. 
of proximal inter-phalangeal joints in rheumatoid 
shows regular sinus rhythm with tendency to right 


MSCUKSIOX 

The paucity of adequate, complete eUnieopalhologic studies in the 
1 menean literature iias led to arbitrary separation of rheumatoid 
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arthritis as an entity separate and distinct from rheumatic fever and 
rheumatic heart disease, despite the histologic similarity of the joint, 
changes and the identity of the subcutaneous nodules (until Collins 523 
and Bennett, Zeller, and Bauer's 20 recent papers). From the earlier 
studies it is not difficult to understand why such concepts came into be- 
ing, for the conclusions were always based on the clinical recognition of 
cardiac involvement in cases of chronic arthritis. The inaccuracy of 
clinical recognition has already been mentioned. 

Thus, McCrae, 27 among five hundred cases, found pericarditis in six 
and definite valvular disease in forty (8 per cent), in one quarter of 
which the cause may have been arteriosclerosis. Of eighty eases of 
arthritis deformans reported by Boas and Rif kin, 28 in fourteen (17.5 
per cent) there was valvular disease clinically. "VVetherby 29 reported 
seven cases of rheumatic heart disease (2 per cent) out of 350 cases of 
chronic arthritis. Monroe 30 reports an incidence of 4 per cent. Master 
and Jaffe, 31 judging from normal electrocardiographic observations, 
concluded that rheumatoid arthritis is not. associated with heart disease. 
Dawson and Tyson 32 found a 7 per cent clinical incidence, and Bayles 
and McGinn 33 reported 5 per cent in one hundred consecutive rheu- 
matoid arthritic patients. Pemberton 31 admits that there may be more 
in common between acute rheumatic fever and chronic arthritis than 
has hitherto been accepted, but concludes that they are distinct clin- 
ical entities with similar manifestations. In European countries such 
studies have been more frequent, and there the reported incidence 
ranges from Coates’ 10 report of 4 per cent to Kahlmeter’s 17 40 per cent. 

Probably the first description of a case of deforming arthritis with 
associated cardiac lesions was given by Todd, 35 in 1843. Three years 
later Romberg 30 described a similar case. However, it was not until 
1881 that Charcot, 13 as the result of pathologic observations on a larger 
series of such cases, concluded that “these are not two fundamentally 
distinct diseases, but. two manifestations of one and the same diathetic 
state.” The results of other pathologic studies since that time indicate 
a rather more than fortuitous association (Table VII). In Baggenstoss 
and Rosenberg’s 23 series the incidence of rheumatic heart disease was 
56 per cent. Clawson 37 and his associates have found some form of 
rheumatic heart disease in 33 per cent of all cases of rheumatoid arthri- 
tis, and Bayles, 24 in 22 per cent. 

In our study, 25 of 3S patients showed definite rheumatic heart, 
disease at necropsy (65.7 per cent), and 8 others showed cardiac in- 
volvement of a nonspecific infectious nature. This percentage is rather 
high and, because the number of cases is not large, undoubtedly does 
not represent an accurate estimate of the true incidence. Nevertheless, 
the addition of our data to those in the literature affords a reasonable 
basis for concluding that an extremely close relationship exists between 
rheumatic fever and rheumatoid arthritis. 
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Table VII 


AUTHOR 


Charcot 

ICast 


Pribram 


Grzimck 


Klinge 


Baggenstoss 
and Rosen- 
berg 


Bayics 


YEAR 

TYPE OF 
ARTHRITIS 

1881 

Ik ti SHEW 

lam? 2 1 uBMtml 

1901 

‘ ‘Primary 
chronic 

ar( liritiH * 7 

“•Secondary 
chronic 
arthritis ” 

3902 

“Primary 
chronic * 
arthritis ” 

' ‘ Secondary 
clironic 
arthritis” 

1932 

1 ‘ Genuine 
arthritis 
deformans” 

1933 

Chronic poly- 
arthritis 

‘Kheumatisinus 
nodosus” of 
spino 

3941 

Jlironic infee- ~~ 
tious (rheuma- 
toid) arthritis 

1942 I 


1943 C 

Jironic rlieu- 
matoid arthritis 



Voting and 
ScInvedeJ 


r i o jsei valions in regard to Uie severity of tiie cardiac lesions in 
and T? 13 °\ ai ^ lr ^^ s are n °f agreement with those of Baggenstoss 
the J ° S -t * JC1 "’ M Po f° un< J that cardiac lesions were more widespread in 
with 'T' & ^ a ^ en ^ s w itJi rheumatic fever than in the hearts of those 
was Quantitatively, as well as qualitatively, thei’e 

lesions difference between the severity or extent of the cardiac 

fever W * leumato *d arthritis and those associated with rheumatic 
thnv -Pmi eann °f a £ ree > either with these same authors when, because 
case, tw 1 ° 1 ° gic evi dence of rheumatic activity in 10 of the 14 
thp ph'tnn C ° Ut U ed if a rheumatic lesion is clinically apparent, 
19 pi™ a / C ^ lea } fhe process is still active. In only 6 of our 
ciinipo]]^ °„ r 1C !" r,atie 3leart disease in which the diagnosis was made 
Desnite thp° f >a fi 1 °l°gic stigmata of rheumatic activity. 

parent that thT^pw/ f ° Cardiae . lc f ons ’ Wver > jt is ‘i uite a P’ 
picture oyeonf / P , , com Paratively minor vole in the clinical 
(Sta c ktC and also as a mods oi death. 

were relatively unimportant or were nonexistent 
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throughout the major part of the lives of these patients. It was not 
the heart disease, but the joint disease, for which they first sought 
medical attention. Eventually, however, congestive failure supervened 
in the majority of cases, but, as has been previously mentioned, at a 
much later , age than is usual in patients with rheumatic heart disease 
without rheumatoid arthritis. The restricted life imposed on such pa- 
tients because of their joint deformities probably is responsible for the 
degree of longevity achieved. 

Kast 1 and Pribram 2 differentiated “primary” from “secondary” 
chronic polyarthritis, stating that, in the former, cardiac involvement 
was less frequent and usually played an unimportant role if present. 
In the secondary form, they found that the cardiac involvement was 
quite often marked, and might dominate the entire clinical picture. 
Barjon, 10 however, found that the incidence of heart disease was 21 
per cent in the former, and 20.5 per cent in the latter, type. Judging 
from his sixty-two cases and other reports 11 ’ 12 ’ 14> 15 in the French liter- 
ature, he concluded that no difference existed. Our observations are in 
agreement in this respect. 

The fact that a history of frank rheumatic fever was obtained in onl.y 
three cases fails to support the concept that, in those cases of rheu- 
matoid arthritis in which heart disease is also found, rheumatic fever 
had at one time been present. It must be admitted, however, that the 
absence of such a history is not necessarily too significant. In view of 
the frequency of the cardiac lesions, however, this point is, at best, of 
little practical significance, and resolves itself into one of nomenclature 
rather than etiology. No fundamental purpose is served by separat- 
ing the two rheumatic diseases, and the issue would be clarified by 
grouping both under the term “rheumatic state,” especially since the 
cause is unknown in both. It is well known that rheumatic fever is 
protean in its manifestations and in its course. The addition of the 
“rheumatoid” cardiac manifestations thus adds to, rather than de- 
tracts from, such a concept. 

It is interesting to speculate upon the varied vulnerability of the 
heart and joints, and upon the apparent reciprocal relationship. When 
one structure is greatly involved, the other is relatively, or absolutely, 
spared. This variability of tissue response to the same noxious agent has 
been observed in various disease states. In rheumatic fever, Gross 38 has 
ascribed the low incidence of valvular involvement in older people to 
the regressive changes in the musculature and vessels of the valves, re- 
sulting in a comparative a vascularity. Whether this explanation is 
purely morphologic, or whether it depends on an as yet unexplained im- 
munologic response, is still to be ascertained. 

SUMARY AND CONCLUSIONS 

A post-mortem study of 38 cases of chronic rheumatoid arthritis 
revealed cardiac lesions in 33, in 25 of which (65.7 per cent) the process 
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was considered to be rheumatic in origin, and of a nonspecific infectious 
nature in the remaining 8. An active rheumatic process was present 
in only 6 eases. A history of rheumatic fever was obtained in only 
3 cases, and of probable rheumatic fever in 2 others. In 18 patients 
the arthritis was insidious and progressive, and, in 15, acute attacks of 
polyarthritis occurred during the course of the disease. The extremely 
high incidence of rheumatic heart disease in rheumatoid arthritis which 
was found in this and previous pathologic studies suggests an extremely 
close relationship which should lead to consideration of tire possibility 
that they may he manifestations of file same underlying disease process. 
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COARCTATION OF THE AORTA: CLINICAL AND 
ROENTGENOLOGIC ANALYSIS OF THIRTEEN CASES 

Capt. Lawrence Perlman, M.C., Army of the United States 

C OARCTATION of the aorta is a congenital anomaly which presents 
interesting clinical and radiological diagnostic features. The de- 
velopmental anatomy has been well described many times, particularly 
by Abbott, 1 and any repetition would be superfluous. It is divided 
into two types, namely, the infantile type, which occurs in children 
np to the age of 1 year, and the adult type. It is with the latter type 
that we are concerned. 

The incidence of the condition has been estimated to be 1 in 1,500 
eases by Blackford, 2 who based his figures on a series of 68,300 routine 
autopsy reports. Evans 3 found 26 cases of coarctation of the aorta 
in 19,217 routine necropsies at the Baron Institute of Pathology, Lon- 
don. This included both the infantile and the adult type. There were 
11 cases of coarctation of the adult type in 16,215, or an incidence of 1 
in 1,473. Levine 4 estimates that 0.1 per cent of the entire population 
have this anomaly. 

The incidence of coarctation in our series was much lower, i.e., ap- 
proximately 1:10,000. This was in a series of routine physical exami- 
nations for army service upon an unselected group of men between 
the ages of 18 and 35 years. A number of the men were over 35 years, 
but the percentage of these was so small as to be almost negligible. 

Why there is such a great discrepancy between the number of eases 
noted in routine necropsy reports and the number diagnosed on routine 
physical examination is difficult to explain. The pathologist can in- 
clude in his series cases of slight narrowing of the aorta at the site of 
the ductus arteriosus. In such cases there are no physical signs, and 
radiological examination shows nothing abnormal. An example may 
be found in the report by HalJoek and IlebbeP of the nonelinieal type 
of coarctation. Their patient had no hypertension. The diagnosis was 
made from the cardiac examination only, and, on autopsy, a slight 
constriction of the aorta at the point of attachment of the ductus 
arteriosus was found. In addition to this nonelinieal group of cases, 
there have undoubtedly been some in which the diagnosis was not 
made. King 0 commented on the fact that only one case of coarctation 
of the aorta was diagnosed from the time of the founding of the Johns 
Hopkins Hospital to 1923. In discussing a series of eight cases in 
which the diagnosis was made clinically, Lewis' commented on the 
number of times some of the patients were examined before the correct 

Thf; material presented was obtained while on duty at the Armed Forces Induc- 
tion Station, Chicago, III. 

Received for publication Slay 21, 1943. 
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diagnosis of coarctation of the aorta was made. The majority of the 
cases which he reported were in men who were examined and pro- 
nounced fit for active service in World War I, and showed no symp- 
toms of cardiac disease for some years after their discharge from the 
British Army. 

CASE REPORTS 

Case 1. — The patient, a 28-year-old white man, with no previous 
knowledge of heart disease, had indulged moderately in athletic 
activities. 



Fig’. 1. — Case 1. 

Examination revealed a well-developed and well-nourished young 
man without cyanosis or marked flushing of the face. Carotid pulsa- 
tions were evident, but not marked. The heart was not grossly en- 
larged ; the apex beat was within the left midclavicular line. Ausculta- 
tion revealed a harsh, loud, blowing diastolic murmur over the aortic 
valve and Erb’s point. The blood pressure was 200/40. The abdomi- 
nal aortic and femoral artery pulsations were absent. The blood pres- 
sure was not obtainable in the popliteal region. The intercostal vessel 
pulsations were slight, i.e., they were obtainable only upon extreme 
pressure on the inferior margins of the ribs. ,’o . 
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Case 2. — The patient was a 21 -year-old white man, with no previous 
knowledge of heart disease. He had led the normal life of a hoy and 
young man and had participated in various types of athletics, hut never 
strenuously. 

Examination revealed a well -developed and well-nourished young man. 
His complexion was normal. The carotid artery pulsations were absent. 



The apex beat of the heart was well within the left midclavieular Ime 
at the fifth intercostal space. A loud diastolic murmur was heard ovei 
the entire preeordium ; it was most intense at the base of the he . 
blood pressure was 188/88. Abdominal aortic pulsations and 
artery pulsations were not obtainable. The intercostal ' -esse « 
dilated and easily palpable, and, in the right interscapu ai , 

large vessel was found. 

Case 3.— The patient was a 21-year-old while man who had n wer been 
aware of heart disease. No history of athletic endeavor vas i ' 

Examination revealed a fairly well-developed, slighth emaeia e , 
young man. His face was of normal color. No carotid pulsation • 
noted. The cardiac apex was within the left midclavieular line m i ' 
fifth intercostal space. Auscultation revealed no murmur, but ineie > 
an accentuation of the aortic tones. The blood pressure was lou/xiu. 
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Slight pulsation of the abdominal aorta and the femoral arteries was 
observed. The blood pressure in the popliteal area was 110/80. Mod- 
erately strong pulsations of the intercostal vessels were palpated. 

Case 4. — The patient was a 19-year-old white man from whom no pre- 
vious history of heart disease was elicited. No recreational history was 
obtained. 

Examination revealed a moderately w'ell-developed young man. No 
abnormal color of the face was noted. The carotid pulsations were 
marked. The apex of the heart was well within the left midclavicular 
line at the fifth intercostal space. No cardiac murmurs were heard. 
The blood pressure was 210-80. The femoral artery pulsations were 
entirely absent. The blood pressure in the popliteal area was 80/40. 
Marked pulsations of the intercostal blood vessels were noted. 



FIff. 5. — Cast' 5. 

Case 5. — The patient was a 22-year-old white man who had been 
aware that he had some heart trouble since the age of 14 years. Despite 
this knowledge, he had plaj'ed high school and semiprofessional basket- 
ball, and had run in the 440-yard dash on his high school track team. 

Examination revealed a small, well-built young man. There we re 
marked pulsations of the carotid arteries. The cardiac apex was within 
normal limits. Auscultation of the heart revealed a loud, blowing, dias- 
tolic murmur at the aortic valve and at Erb ’s point. The blood pressure 
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was 210/90. Femoral artery pulsations were not obtainable. The blood 
pressure in the popliteal area was 130/80. Moderate pulsations of the 
intercostal blood vessels were palpated. The electrocardiogram was 
normal. 

Case 6. — The patient was a 21-year-old white man who had known 
that he had a cardiac lesion since early childhood. Five years before the 
present examination he was told lie had high blood pressure. Because 
of this he had not engaged in any strenuous activities, but felt no dis- 
comfort on ordinary activity. 



Fig. 6. — Case 6. 


Examination revealed a well-developed young white man. The carotid 
artery pulsation was slight. The heart was not enlarged to physical 
examination. A soft systolic murmur was heard over the entire pre- 
eordium, and a low-pitcned, diastolic murmur was heard at the aortic 
valve and at Erb’s point. The blood pressure was 170/70. The femoral 
artery pulsations were not obtainable. The blood pressure in the pop- 
liteal area could not be measured. The intercostal blood vessels were 
palpable upon moderate pressure on the inferior surfaces of the ribs. 
The electrocardiogram was normal. 
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Case 7, — The patient, was a 20-year-old while man with no previous 
knowledge of any cardiac lesion ; lie gave a history of moderate indul- 
gence in athletic activities. 

.Examination revealed a well-developed young man. There were mod- 
erate pulsations of the carotid arteries. The cardiac apex was 2 cm. to 
the left of the middavieular line in the fifth left intercostal space. A 
loud, blowing, diastolic murmur was heard over the aortic valve and 
Erb’s poinl. The blood pressure was 220/90. Palpation of the femoral 
arteries revealed no pulsations, and the blood pressure in the popliteal 
area could not be obtained. The intercostal vessels were easily pal- 
pated, and gave a strong impulse which coincided with cardiac systole. 



k 


Fig. 7.— Case 7. 

Case 8.— The patient was a 20-year-old while man who had known 
since the age of 11 years that his blood pressure was elevated. His ac- 
tivity had been limited since early childhood because of a nervous ail- 
ment. Two years earlier lie had been told that he had coarctation oi tne 
aorta, after examination at a large Midwestern medical clinic. 

Examination revealed a slightly built, thin young man. The carotid 
arteries did not pulsate. The heart was not enlarged. No cardiac mur- 
murs were heard. The blood pressure was 160/106. The pulsation of 
the femoral artery could be felt, but the impulse was of lesser intensity 
than that of the radial pulse. The blood pressure in the popliteal region 
was 96/62. The intercostal pulsations were of moderate intensity. 
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Case 9. — The patient was ail 18-vear-old white man with no previous 
knowledge of cardiac abnormality. He gave a history of active partici- 
pation in athletics, particularly football, and, to a lesser degree, basket- 
ball. 

Examination revealed a well-built young man with a ruddy com- 
plexion. The carotid arteries could not be seen to pulsate. The cardiac 
apex was 3 cm. to the left of the midelavicular line in the fifth inter- 
costal space. A loud diastolic murmur was heard at the cardiac apex, 
the aortic valve, and over Erb’s point. The blood pressure was 240/160. 
The femoral pulsations could not be obtained. The blood pressure in 
the popliteal area was 140/100. Palpation of the intercostal vessels 
showed a moderately intense pulsation. The electrocardiogram was 
normal. . 






-i 


Fig. S. — Case 8. 

Case 10. — The patient was a 23-year-old white man who had been 
aware that he had a cardiac lesion since the age of S years. Despite this 
knowledge he had indulged moderately in athletics, including football, 
boxing, and baseball. 

Examination revealed a very well-developed, well-nourished young 
man. The carotid arteries were pulsating forcibly. The cardiac apex 
was in the fifth intercostal space in the left anterior axillary line. There 
was a loud, diastolic murmur at the aortic valve and over Erb’s point. 
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The blood pressure was 184/CO. The femoral arteries could not be pal- 
pated, and the blood pressure in the popliteal region was not obtain- 
able. The intercostal blood vessels were easily palpable. The electro- 
cardiogram showed a pattern compatible with hypertensive heart 
disease. 



Fig. 0 , — Case 10. 


Case 21.— The patient was a 32-year-old white man who had been told 
that he had hypertension at the age of 22 years. His earlier _ • . 

showed moderate participation in athletics, and, even utter e ' ' 

that he had high blood pressure, he had been performing heav y 


labor. . , 

Examination revealed a fairly well-built, young, white man with a 
very flushed face. The carotid arteries were pulsating strong 5- ‘ 
cardiac impulse was within the midelavieular line m the hith lei i * - 
costal space. Auscultation revealed a soft, blowing, diastolic mu 
over the aortic valve which was transmitted to Erb s point, the moo 
pressure was 214/128. The femoral arteries gave only a moderate im- 
pulse to palpation. The blood pressure in the popliteal area was 
126/100. The intercostal vessels were easily palpated, and stood out as 
dilated, wormlike threads over the lateral and posterior aspects ot the 
thorax. The electrocardiogram was normal. 
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Case 12. — The patient was a 25-year-old white man who had kn own 
that he had some cardiac abnormality since early childhood. Because 
of this knowledge he had' led a very restricted life,- and had never in- 
dulged in any competitive sports or performed any strenuous physical 
tasks. 

Examination revealed a well-developed, well-nourished, young white 
man. The carotid arteries were pulsating with moderate intensity. The 
cardiac apex was within normal limits. Auscultation revealed a harsh 
systolic murmur at the apex and at the base of the heart. The aortic 
second sound was markedly accentuated. The blood pressure was 192/70. 
The pulsations of the femoral artery could not be obtained, and the blood 
pressure in the popliteal area also could not be obtained. The intercostal 
vessels could be palpated upon slight pressure on the under surfaces of 
the ribs. The electrocardiogram showed a pattern compatible with 
hypertensive heart disease. 



Fig-. 10. — Case 11. 


Case 13. — The patient was an 18-year-old white man with no previous 
knowledge that he had cardiac disease. He gave a history of moderate 
indulgence in sports, particularly swimming and baseball. 

Examination revealed a well-developed, moderately well-nourished, 
young white man. The carotid arteries were seen to pulsate with moder- 
ate intensity. The cardiac apex was in the fifth intercostal space at the 
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left midclavieular line. Auscultation revealed a soft, blowing diastolic 
murmur at the base of the heart. The blood pressure was 180/90. The 
femoral artery pulsations were not obtainable, and the blood pressure in 
the popliteal region could not be measured. The pulsations of the inter- 
costal vessels could be felt with moderate ease. The electrocardiogram 
was normal. 

DISCUSSION 

Various methods for the clinical diagnosis of coarctation of the aorta 
have been advocated. King, 6 in 1926, wrote that pulsation in the inter- 
scapular region was the dominant sign of the condition. He stated that 
the chief value of the roentgenogram was to rule out aneurysm of the 
aorta. In a later article, 8 he reaffirmed this view by stating that the 
demonstration of collateral circulation is the most important single clue 
to the diagnosis of coarctation of the aorta. 

In 1932, Dock 9 reported three cases of coarctation of the aorta, and 
stated that the condition should be looked for in young and middle-aged 
men with hypertension or hypertension and aortic insufficiency who had 
pronounced carotid artery pulsations ; he advised simultaneous palpation 
of the femoral and radial pulses, for the femoral pulse is delayed and 
differs in quality from that in the arms. 

In the following year Eppinger and Mittelfart 10 stated that the 
pathognomonic signs of coarctation of the aorta were a harsh, blowing, 
systolic murmur over the interseapular region to the left of the spine, 
heard less intensely over the precordium, and palpable and occasionally 
visible pulsations over the thorax. 

In the same year, Lewis 7 published a series of nine cases of coarcta- 
tion of the aorta which had been collected over a period of twelve 
years. In eight of these cases the patients had been seen and the diag- 
nosis had been made clinically, while one was a post-mortem specimen 
only. He stated, “Of the clinical signs that can be regarded as dis- 
tinctive there are but two ; one is the presence of characteristic anas- 
tomotic vessels; the other is the relative weakness and delay of the 
pulse in the lower limbs. Palpation of the femoral pulse forms and 
can form no part of a routine examination; it is only undertaken for 
definite reasons, as when coarctation of the aorta is already suspected, 
when signs of abdominal aneurysm have been found, or where there 
are symptoms of inadequate blood flow to the legs. If the diagnosis 
is to be made it would be wise to examine, as a routine, the femoral 
pulse in all cases of continued high brachial blood pressure.” 

Of the thirteen cases here presented, it will be noted that in only 
three were there pulsations of the femoral artery. In only one of these 
three cases rvas the femoral impulse of moderate intensity, and even in 
this one the impulse did not approach the intensity of the radial artery 
pulsation. In the remaining two cases the femoral artery pulsation 
might be classed as slight. 

The explanation for the diminution or absence of the femoral pulsa- 
tion, although blood flow to the lower extremity is present, is well ex- 
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plained by Bonnet (quoted by Abbott 1 ). He states that sensation to 
the finger docs not depend upon blood volume, but on the sharp re- 
percussion of the wave that passes along as the blood is propelled into 
the aorta. When sudden and abrupt, as normally, the tactile sensation 
is that of a forcible pulsalion. When blood reaches the aorta through 
a large series of small collaterals, the ascent will be more gradual, and 
the pulse below it correspondingly weaker. 

From Table I it might appear that, since intercostal pulsations were 
present in varying degree in all the cases of coarctation, this would be 
a better index of the presence of a sJenosing aortic lesion. However, 
intercostal and interscapular vessel pulsations have been noted in cases 
of uncomplicated aortic insufficiency, and even in extreme tachycardia 
with or without hypertension. The bounding impulse in the superficial 
vessels of the thoracic cage in these conditions is not unlike that in 
many cases of coarctation. Of course, the dilatation and tortuosity of 
the intercostal vessels do not occur, whereas they are found in well- 
marked eases of coarctation. 


Tabtx i 

AVAKYSJK Of CUV ICAI, 0u.SEKVATJ0.VS 




CARP/ AC 


Bf-OOJ) PRESSURE 

i PI7.SATI0VS 

CASE 

auk 

(TEAKS) 

KVI.ARCK- 

MEVT 

MURMUR 

BKACHJAT. 

POP- 

I.TTEAJ. 

BBS 

jvtej:- 

COSTAI. 

1 

2 

3 

4 

5 

0 

7 

8 

0 

10 

J1 

12 

13 

28 

21 

21 

J9 

22 

21 

20 

20 

18 

23 

32 

25 

18 

None 

None 

None 

None 

None 

None 

Moderate 

None 

Moderate 

Marked 

None 

None 

None 

Diastolic, base 
Diastolic, entire 
p record! uni 
None 

None 

Diastolic, base 
Diastolic, base 
Diastolic, base 
None 

Diastolic, entire 
precord ium 
Diastolic, base 
Diastolic, base 
•Systolic, entire 
precordium 
Diastolic, base 

200/40 

188/88 

180/110 

210/80 

210/00 

1 70/70 
220/00 
160/106 
240/160 

184/60 

214/128 

192/70 

180/90 j 

0 

0 

110/80 

80/40 

130/80 

0 

0 

06/02 

140/100 

0 

120/100 

0 

0 

None 

None 

Slight 

None 

None 

None 

None 

Moderate 

None 

None 

Slight 

None 

None 1 

Slight 

Moderate 

Moderate 

Marked 

Moderate 

Slight 

Moderate 

Moderate 

Moderate 

Moderate 

Marked 

Moderate 

Moderate 


The predominant cardiac murmur was the basal diastolic murmur. 
This was present in nine of the thirteen eases. Of the remaining cases, 
no cardiac murmur was heard in three, and a systolic murmur v. as 
present in one. The explanation of the presence of the diastolic mur- 
mur in such a large number of cases in the present series is difticu t. 
Certainly, it cannot he explained wholly as the result of a bifid aortic 
cusp, for Abbott 's 1 statistics reveal an incidence of only 25.1 per cent 
of bifid aortic cusps in one hundred eighty-three cases of coarctation 
of the aorta. Using this as a standard, we should expect, at the most, 
three patients to have a diastolic aortic murmur. Table I reveals six 
more than this anticipated number of diastolic aortic murmurs. The 
possibility of a concomitant rheumatic valvulitis may be considered, 
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but, in view of tlie absence of any history of rheumatic fever in these 
eases, this is unlikely. Perhaps the great pressure within the portion 
of the aorta proximal to the stenosis, which causes dilatation of the 
aorta itself, also causes stretching of the aortic ring, with resultant 
separation of the commissures of the aortic valve and the production 
of aortic insufficiency. 

Although the diagnosis of coarctation of the aorta may be made 
clinically, the roentgenogram is a very definite diagnostic aid. In some 
cases the diagnosis may be only hazarded on clinical grounds, and con- 
firmatory evidence from the roentgenogram is essential. The diag- 
nostic value of the roentgenogram in this condition was not realized 
until the report of Rail shack and Dock, 11 in 1929. This was followed, 
in 1930, by the report of Pray, 12 who also pointed out the value of the 
roentgenogram in the diagnosis of coarctation of the aorta. 

There is a characteristic radiological syndrome consisting of: 

1. Absence of the aortic knob. 

2. Dilatation of the ascending and transverse portions of the arch 
of the aorta. 

3. Erosion of the lower margin of the posterior portions of the ribs. 

4. Roundness or enlargement of the left ventricle. 

Table II 


Analysis of Radiological Observations 


CASE 

AORTIC 

KNOB 

AORTIC 

DILATATION 

RIB 

EROSION 

HYPERTROPHY 
LEFT VENTRICLE 

1 

Absent 

Slight 

Moderate 

None 

2 

Absent 

Moderate 

Slight 

None 

3 

Absent 

None 

Moderate 

None 

4 

Absent 

Moderate 

Moderate 


5 

Absent 

Slight 

Moderate 

Slight 

6 

Absent 

Slight 

Slight 

Slight 

7 

Absent 

None 

Slight 

Moderate 

8 

Absent 

Moderate 

Slight 

Moderate 

9 

Absent 

Slight 

Slight 

Moderate 

10 

Absent 

Moderate 

Moderate 

Marked 

11 

Absent 

Moderate 

Marked 

Slight 

12 

Absent 

Slight 

Moderate 

Slight 

13 

Absent 

None 

Moderate 

Slight 


In the present series the only constant radiological signs were ab- 
sence of the aortic knob and erosion of the ribs (Table II). The pa- 
tient with the slightest amount of rib erosion was the one with the 
lowest blood pressure in the series (Case 8; B.P. 160/106). This coin- 
cides with a statement of King, 8 who believed that erosion of the ribs 
is not necessarily present in typical coarctation of the aorta, and, in 
the case he cited, the blood pressure was only 123/87. Dilatation of 
the aorta was found in ten cases of the series. The contour of the 
left ventricle was normal in four cases, slightly enlarged in five cases, 
moderately enlarged in three, and markedly enlarged in one. This 
change in left ventricular contour coincided neither with the degree of 
elevation of the blood pressure nor with the type of murmur. 
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Electrocardiograms were obtained in seven of the eases. Five of 
these were norma), and the remaining two were compatible with hyper- 
tensive heart disease. Ah a diagnostic aid, it would seem that the 
electrocardiogram is of very little value. The changes observed prob- 
ably depend directly upon the response of the myocardium to the long- 
continued strain of blood pressure elevation. This seems likely because 
the abnormal electrocardiograms occurred in the two eases of longest 
duration (Cases 11 and 12). 


SUMMARY 

1. The incidence of coarctation of the aorta is discussed, and the 
relation of post-mortem and clinical incidence is compared. 

2. Thirteen eases of coarctation of the aorta are reported. 

3. The clinical manifestations and the constance of these manifesta- 
tions, as previously reported, are correlated. 

4. The roentgenologic and electrocardiographic observations in these 
eases are analyzed. 

CONCLUSIONS 


1. Coarctation of the aorta should be suspected in all eases of hyper- 
tension, or hypertension and aortic insufficiency. 

2. These patients should he examined for absence of femoral artery 
pulsation or a marked diminution in the strength of the femoral pulsa- 
tion. .Secondarily, an attempt should he made to palpate the intercostal 
vessels. 

3. The significant roentgenologic abnormality is absence of the aortic 
knob, with confirmatory evidence in the form of rib erosion, aortic dila- 
tation, and left ventricular enlargement. 


Tin* author wishes to thank Major G. Polk ev ami Capt. II. Pritchard for their 
aid in obtaining the roentgenogram.®. 
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ELECTROCARDIOGRAPHIC STUDY OF LATERAL 
INFARCTION, PROVED AT AUTOPSY 

Carl F. Shaffer, M.D. 

Omaha, Neb. 

A PREVIOUS paper from the Henry Ford Hospital reported a 
series of patients with coronary artery occlusion, proved at autopsy, 
and correlated their electrocardiographic features with the location of 
the myocardial infarct . 1 These, with additional cases since then, have 
been reviewed for the purpose of distinguishing the graphic variations 
associated with lateral, as distinguished from anterior and posterior, 
infarction. 

Other authors have demonstrated the relation of the electrocardiogram 
to the site of the infarct on the anterior or posterior surface of the left 
ventricle; Barnes 2 has aptly discussed this subject. The subdivision of 
the electrocardiogram of myocardial infarction into anterior and pos- 
terior types is useful for general diagnostic purposes, and its value 
would undoubtedly be increased by the addition of a third, or lateral, 
type to this group. 

A number of studies have been made relating to the situation of myo- 
cardial infarctions, but, since the incidence of uncomplicated lateral 
infarcts is small, the electrocardiographic information in proved cases 
is meager; there are definite reasons for this. 

As pointed out by F. J. Smith and his associates, the type of case 
at autopsy is, in the majority of instances, one of ancient and multiple 
infarctions, with or without superimposed, recent, single infarction. 
Judging from our studies, instances of recent single infarction are in 
the minority. Sprague and Orgain 3 have reported a similar experience 
in their review of autopsies at the Massachusetts General Hospital. They 
state that, “Since it is a group such as ours that lives long enough to 
be studied by the practicing physician it becomes the more important 
that we discover what such cases show clinically by the electrocardio- 
gram and at autopsy. ' ’ 

The distribution of the coronary arteries to the myocardium is sub- 
ject to a great number of variations . 4 In general, infarction of the 
anterior apical surface of the left ventricle is usually produced by 
occlusion of the anterior descending branch of the left coronary artery; 
infarction of the posterior basal surface is usually produced by occlu- 
sion of the posterior descending branches of the right coronary; and 
infarction of the lateral midventricular surface is usually produced by 
occlusion of the circumflex branch of the left coronary artery. Septal 

From the Department of Medicine, Henry Ford Hospital, Detroit, Michigan. 
Received for publication May 26, 1943. 
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infarcts may occur with occlusion of the septal branches of the left or 
right coronary arteries, or as pail of an anterior or posterior infarct. 

Occlusion of the anterior descending branch of the left coronary ar- 
tery is more common than that of the posterior descending branches of 
flie right coronary artery. Occlusion of the circumflex branch of the 
left coronary is the least common of these, probably, as suggested by 
Whitten, 5 because of the position of its first part in the coronary sulcus 
and above the ventricle. Furthermore, in addition to usually "supply- 
ing the lateral surface of the left ventricle, branches of this artery may 
supply the anterior apical or, more frequently, the posterior basal part/ 
Occlusion of the left circumflex is variously reported to occur with an 
incidence of 5 to 10 per cent. Jt therefore becomes apparent why un- 
complicated lateral infarction is not common. 

MATERIAL .STUDIED 

For the past twenty years the electrocardiograph has been available 
for use on our patients. During this period approximately 200 persons 
with cardiac infarction have been examined post mortem. Two condi- 
tions reduce the number of cases of completely reliable material for 
electrocardiographic correlation. First, coronary occlusion may occur 
without producing myocardial infarction if there is an adequate col- 
lateral circulation, or coronary insufficiency, without actual occlusion, 
may occur and produce infarction if there is transient ischemia. Second, 
in a large gene ral hospital, several different pathologists will have dic- 
tated the protocols with no consistent method of description of coronary 
or myocardial disease. 

In the material studied there were five instances of recent, uncom- 
plicated infarction of the lateral surface of the left ventricle. Infarcts 
described as extending to either the apical, anterior, basal, or posterior 
surfaces were excluded. Histologic description of the infarcts confirmed 
their recent occurrence when this was not established clinically/' In 
all but one there was complete obstruction of the left circumflex artery, 
and the remaining had no demonstrable occlusion. 

A review of the records gave electrocardiographic information on all 
of these patients, as described in the case reports. The preeordial leads 
were made with the preeordial electrode at the cardiac apex, (IV F), 
and are presented in all instances according to the method recommended 
by the Committee of the American Heart Association for the Standardi- 
zation of Preeordial Leads. 7 Those illustrated w r ere rephotographed and 
printed in reverse; the others, as described, required no transposition 
for this purpose, for they were originally made by the present standard 
method. 

CASE REPORTS 

Case 1. — T. H., a white man, aged 42 years, was admitted to the hos- 
pital Feb. 3, 1933, twenty-four hours after the onset of severe substenial 
pain. He had been having mild chest pain on effort for the previous 
two weeks. His initial temperature was 98° F.. his pulse rate, 80, his 
respirations, 20, his blood pressure, 150/100, and his leucocyte count, 
12,500. The electrocai’diogram made the same day was normal except 
for left axis deviation; no preeordial lead was obtained. He had a re- 
currence of pain forty-eight hours later , and the next day there were a 
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slight relative elevation of the RS-T segment in Lead I, a depression 
of the RS-T segment in Lead III, and an inverted T wave in Lead IV. 
On the seventh day a diphasic T in Lead II and an inverted T in Lead 
III had developed; the inverted T persisted in Lead IV. 

The clinical course was uneventful until, three weeks later, there were 
another attack of pain, a further fall in blood pressure, and the appear- 
ance of a pericardial friction rub. The next day there was inversion 
of the T wave in Lead I, with a return of upright T waves in Leads II 
and III and a further inversion of the T in Lead IV. Seven days 
later an inverted T wave in Lead II had developed. During the en- 
suing three weeks he had frequent, transient, chest pain and progressive 



Fig-. 1. — Electrocardiograms in Case 1. A, Tracing made on first hospital day 
twenty-four hours after onset of pain. B, Fourth day. C, Seventh day. T>, Twenty- 
eight hay. E, thirty-fifth day. F, Sixty -fifth day. 


congestive heart failure. Digitalis was given and brought about slight 
temporary improvement, but the disease proved fatal on the sixty-sixth 
hospital day. The standard leads shortly before death were not defi- 
nitely abnormal. There was no axis deviation or abnormal Q waves, 
and the T waves in Leads I and II were upright with an isoelectric T 
in Lead III (Fig. 1). 

At autopsy the heart weighed 650 grams. Immediately distal to the 
origin of the left circumflex an organized thrombus occluded the artery. 
Further in its course there were more recent thrombi. On the lateral 
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.surface of the Ici'l ventricle there was a large, dilated aneurysmal sac, 
measuring 10 cm. in diameter, whose wall was composed in part by the 
adherent visceral and parietal pericardium. 

Cask 2. — J. II., a white man, aged 55 years, was admitted March 12, 
1038, one week after the occurrence of subslcrnal pain of several hours’ 
duration, with a complaint of shortness of breath. The temperature 
was 100° F., the pulse rate, 120, the respirations, 40, the blood pressure, 
110/80, and the leucocyte count, 11.250. Examination revealed mild 
congestive heart failure. The electrocardiogram showed slight left axis 
deviation. large Q waves in Leads IJ and III, an elevated RS-T seg- 
ment in Leads I, II, and JV, and an inverted T wave in Lead TV. He 
received no digitalis. Death occurred the next day. 

At necropsy the heart was hypertrophied and weighed 900 grams, 
A recent thrombus completely occluded the left circumflex artery. There 
was a soft, hemorrhagic area of infarction approximately 10 cm. in 
diameter on the lateral surface of the left ventricle. The pericardium 
around this was covered with a fibrinous exudate. 

Cask 3. — W. IT., a, white man, aged 37 years, entered the hospital 
March 28, 1928, complaining of nausea and vomiting during the pre- 
vious ten days. There had been no chest pain or symptoms of myo- 
cardial insufficiency. The -temperature was 98.6° F., the pulse rate, 
100, the respirations, 18, and the blood pressure, 250/130. There were 
a moderately severe secondary anemia and a 4 plus albuminuria, with 
hyaline casts. The non protein nitrogen content of the blood was 240 
mg. per 100 e.e. The clinical diagnosis was chronic nephritis with ure- 
mia. A routine electrocardiogram showed left axis deviation and an 
inverted T wave in Lead 1. No precordial lead was obtained. Coma 
preceded death on the seventh day. 

Post inoriem, the heart weighed 500 grams. Recent thrombosis of 
the left circumflex artery, had caused a necrotic infarct “several square 
centimeters in diameter" on the lateral surface of the left ventricle. 
The pericardium was covered with a fibrinous exudate. 

Case 4.— O. M., a white woman, aged 53 years, was admitted June 4, 
1928, forty-eight hours after the onset of substemal pain. There had 
been no previous angina of effort. The initial temperature was 98° F., 
the pulse rate, 100, the respirations, 25, the blood pressure, 125/80, and 
the leucocyte count, 33,750. Examination revealed mild congestive heart 
failure. The electrocardiogram showed no axis deviation, a large Q 
wave in Lead III, and an elevation of the RS-T segment in Lead I J I. 
with corresponding depression of the RS-T segment in Lead I. There 
was no precordial lead. The patient died in an attack of pulmonary 
edema on the fourth day. She had received no digitalis. 

At autopsy the heart weighed 450 grams. A recent, organizing throm- 
bus occluded the left circumflex artery, and a soft, hemorrhagic infarct 
(unmeasured) occupied the lateral surface of the left ventricle. 

Case 5. — M. E., a white woman, aged 60 years, entered the Hospital 
April 25, 1941, with complaints of shortness of breath and palpitation. 
There was no history of chest pain. Her symptoms had become more 
pronounced a few days before admission. She had received digitalis 
for the previous month. The temperature was 98.6° F., the pulse rate, 
80, the respirations, 30, the blood pressure, 360/95, and the leucocyte 
count, 18,000. The patient had moderate congestive heart failure. The 
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electrocardiogram substantiated the diagnosis of auricular fibrillation, 
and showed slight left axis deviation, low voltage of the QRS complexes, 
and absence of the R wave in Lead IV. Death from progressive heart 
failure occurred on the seventh day. 

At necropsy the heart weighed 550 grams. There was extensive 
coronary atherosclerosis, but no actual occlusion, with a recent infarct, 
5 cm. in diameter, on the lateral surface of the left ventricle. 

COMMENT 

Electrocardiographically, one can usually recognize patterns of an- 
terior or posterior myocardial infarction, although in numerous instances 
there are indeterminant features, or these do not indicate the location 
of the infarct. This may be due to one or more of several factors : the 
position of the heart in the thorax, the condition of the circulation to 
the myocardium, the occurrence of previous or multiple infarction, the 
situation of the infarct in relation to the endocardial or epicardial sur- 
faces, the development, of pericarditis with or without effusion, the asso- 
ciation of conduction defects, modification by digitalis therapy, and the 
number of the electrocardiograms and the time at which they were 
taken in relation to the occurrence of the infarct. 

The anterior type is recognized by the development of a prominent 
Q wave in Lead I, early elevation of the RS-T segment in Lead I, with 
reciprocal depression of this segment in Lead III, later inversion of the 
T wave in Lead I, and elevation of the RS-T segment, with later in- 
version of the T wave, in Lead IVP. In the posterior type there are a 
prominent Q in Lead III and frequently in Lead II, early elevation 
of the RS-T segment in Lead III, with reciprocal depression in Lead 
I, and later inversion of the T in Lead III, or Leads II and III. With 
posterior infarction the precordial lead is less likely to change, but, if 
it does, there is usually depression of the RS-T segment, with the T 
wave remaining upright. 

When infarction involves both the anterior and posterior surfaces 
of the left ventricle, the effect of the anterior one predominates in the 
electrocardiogram, as reported by Wolferth, Wood, and Belief. 8 

Recently these authors 9 have reported a series of eases wherein they 
defined a lateral type, characterized by depression of the RS-T segment 
in Leads I and II (commonly, although not universally present), ab- 
sence of signs of infarction in Lead III, and depression of the RS-T 
segment in the precordial lead. Their conclusion, based on one case 
of uncomplicated lateral infarction, proved at autopsy, with a second 
probable case, was that lateral infarction does occur anatomically", and 
that, since characteristic anterior and posterior types exist, it is reason- 
able to suppose .that there is a lateral type, also. 

Not one of our autopsy cases presented these features, nor was there 
a single consistent pattern. In Case 1, with serial electrocardiograms, 
there were the features of both anterior and posterior types, with a pre- 
dominant anterior pattern. It is interesting to note that the standard 
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leads on the day before death were not definitely abnormal. Case 2 
i cscmblcd Case 1 in that there was a mixed anterior and posterior pat- 
loin. Case 3 was of a definite anterior, and Case 4 of a definite pos- 
terior, type. In Case 5, in which there had been previous digitalis 
medication, there was no clinical evidence of recent infarction. ° This 
patient also had auricular fibrillation, an arrhythmia that Wood and 
his associates say occurred with unusual frequency in their eases. 

I he literature contains information on the correlation of autopsy 
observations with electrocardiograms. There is usually no special ref- 
erence to the type of pattern associated with lateral infarction. A 
summary of a group of these investigations, wherein such infarcts are 
described, is presented in Table I. Jn most instances the corresponding 
electrocardiograms are noted as conforming to one type or another with- 
out further elaboration. When these are stated to be atypical and are 
more completely described, there is no conformation to a “lateral type.” 
However, as reported by Wood, et al., the electrocardiographic features 
of the acute lesion may subside very rapidly and become unrecognizable. 

Taboo I 


Summary or Reports bv Various Authors Listed Among the References* 


AUTHOR 

(reference) 

NUMBER. 

TOTAL 

NUMBER 

OF 

CASES 

TOTAL 

NUMBER 

OF 

LATERAL 

INFARCTS 

AGE OF 
INFARCTS: 

OLD NEW 

ELECTROCARDIOGRAM TYPE 
ANTERIOR POSTERIOR ATYPICAL NORMAL 


1GS 

3 

? ? 

1 2 

11. 

149 

2 

1 1 

2 

3. 

131 

2 

1 

1 

combined 

2 

12. 

34 

3 

1 

1 


“This summary represents the number of autopsy cases, the number of lateral In- 
farcts with electrocardiographic study, and the electrocardiographic pattern. The 
atypical patterns were associated with defects in conduction : In one, auricular 
fibrillation. In the other. Intraventricular block. 

SUMMARY 

1. There is a small incidence of fresh, uncomplicated infarction of 
the lateral surface of the left ventricle, as ascertained by a study of 
autopsy cases. 

2. There was no characteristic electrocardiographic pattern associated 
with lateral infarction analogous to anterior and posterior types in our 
series of eases. 

The autopsy records were reviewed with Richmond W. Smith, M.D., Detroit, 
Michigan. 
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ADDENDUM 

Since this article was submitted, a discussion of the subject by Thom- 
son and Feil has been published. 13 They presented a larger number of 
cases of lateral infarction, and their conclusions were in favor of a 
typical electrocardiographic pattern as proposed by Wood, Wolferth, 
and Bellet. In their group with “typical''’ electrocardiograms, as pre- 
sented, Case 1 had a depressed S-T segment in Leads I, II, and IVR, 
and Case 2, a depressed S-T segment in Lead IVR. The remaining two 
cases in this group could have been included in their group of lateral 
infarctions with “ atypical 7 ’ electrocardiograms, for both had abnormali- 
ties consistent with a mixed anterior and posterior pattern. 



THE EFFECT OF DRUGS ON THE SURFACE CAPILLARIES 
OF THE MACACA RHESUS 

Rudolph H. Pelzer, M.D., and Walter Rediscu, M.D. 

New York, N. Y. 


INTRODUCTION 

T HE recording of over-nil vascular responses gives little information 
concerning the changes occurring within a specific portion of the 
periplieral circulation. An attempt is made here to indicate the di- 
rect or reflected responses of the capillaries, as such, to certain drugs. 
Direct observation of the capillaries in various sites on the human skin 
has been widely used. Evaluation of the observations is difficult be- 
cause of the lack of standardization in recording them, and in the main- 
tenance of a fixed experimental environment. Since capillary micros- 
copy permits direct observation of the changes in the most distal por- 
tion of the vascular tree, it holds obvious advantages as an approach 
to the study of the responses of the capillaries to drugs. 

When a capillary is viewed by direct microscopy in vivo, with the 
magnification of GO and 100 times which we employed, the endothelial 
tube limiting the capillary cannot be distinguished. The capillary is 
seen because of the blood contained within it. Variations in the di- 
ameter of the column of blood due to drugs or other causes are actually 
the alterations which are interpreted as changes in the diameter of the 
capillary. 

It becomes possible, therefore, in observing a given field, to ascertain 
the morphology of the capillaries present and the nature of the blood 
flow within them. Differentiation between arterial and venous limbs 
of the capillaries is made possible by the difference in diameter and the 
direction of blood flow. A small segment between the arterial and 
venous limbs, of greater diameter than either, may frequently be dis- 
tinguished, and is called the "transitional limb." 


METHOD 

Four female macaques, varying in weight between 4.5 and 5.5 kg., 
were used. The observations were made on the capillaries oi the skin 
at the base of the fingernail in the right foreJimb. 

The widespread physiologic influences which effect the peripheral 
capillaries can he interpreted at present onlv to a limited degree. Con- 
trol -was attempted for the following factors : 

1. Diet was held constant for four weeks prior to the first observa- 
tions, and was maintained fixed. 
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2. Fluid intake was fairly constant, in that the monkeys were offered 
400 c.c. of water per day, of which 300 to 400 c.c. were "cons um ed 

3. The room temperature was maintained between 25° and 30° C. 
during observations. 

_4. Observations without anesthesia were attempted by the use of 
wide arm sleeves to fix the limbs firmly and not impair the circulation. 
Because of changes due to struggling, and possible psychogenic changes, 
it was found necessary to employ a general anesthetic. This was given 
as nembutal intraperitoneally in doses which varied between 0.55 and 
1.2 c.c. per kilogram of bod} 7, weight; the smallest dose which would 
produce anesthesia was used in each case. 

The state of the sexual cycle was not given special consideration, for 
the observations were concerned essentially with relative changes during 
the given experiment. 

In order that the hand would be held in a fixed position most favorable 
for access to the fingernail bed, a dental compound glove was molded 
to the hand of each monkey and employed during observation. These 
gloves covered the hand from above the wrist to the base of the terminal 
phalanges, but did not impair the circulation. The hairs of the fingers 
which overlapped the field of observation were cut with scissors. The 
area was cleansed by wiping with cedar oil. 

The anesthetized animal in each instance was placed in the semi- 
prone position with the right am extended at approximately heart 
level and the hand encased within the compound glove. Observations 
were carried out with a Leitz capillary microscope at magnifications 
of 60 and 100 times. Photographs were taken in some instances, using 
a Leica camera equipped with a beam-splitting mechanism. The light 
source was a 6-volt, 5-ampere lamp encased in an air-cooling system, 
and the light was passed through a green and a yellow Corning heat- 
absorbing glass filter. This setup, as checked by direct thermometry, 
gave only slight changes in temperature at the site of observation. With 
a thermometer placed horizontally, and the mercury base at the point 
of greatest light concentration and coinciding with the position of the 
monkey’s finger during observations, there were changes of 1.4° and 1.1° 
C. in five minutes and six minutes, respectively. 

Since the method is subjective, and open to the errors inherent in such 
an approach, all experiments were repeated at least twice and observa- 
tions were made independently by the writers. 

The different drugs were administered only by direct intravenous 
injection into the superficial leg veins; 1 c.c. was the largest quantity 
of fluid given at a single injection. 

OBSERVATIONS 

Four series of observations on the effects of nembutal anesthesia were 
made; the monkey was fully anesthetized in three, and remained par- 
tially responsive in the fourth. The capillary loops showed slight 
blurring and minor diameter changes, such as slight narrowing of the 
arterial limbs and slight widening of the venous limbs. 

Sterile saline in 1 c.c. doses, of pH 5.9, was injected intravenously in 
two instances. No changes in diameter or stream were noted. 

1. Drugs considered to act on the parasympathetic nervous system. 

A. Pilocarpine . — Four series of observations with intravenous 
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dosos of 0.5 mg. of pilocarpine showed a consistent narrowing of 
the venous limbs, and either a slight slowing or no change in the 
blood flow. Narrowing of the arterial limbs was noted in one of 
these observations. 

B, Ace. tgl-ft-M ethyl eh ali a e. — Bight, series of observations with in- 
travenous doses of ace1yl-/?-methy]eholin<>. varying from 0.25 to 2 
mg., showed consistent changes in the indistinctness of the capillary 
outline, widening of the arterial and venous limbs, and marked slow- 
ing of the stream. “Fading" of the capillary outline occurred 
within one-half minute after doses of 1 mg. arid over, and was fol- 
lowed by return of capillary visibility and the previously mentioned 
changes. 

0. Atropine . — Twelve series of observations with intravenous 
doses of atropine sulfate are reported, two of which followed pilo- 
carpine injection. When given alone in eight instances, in doses 
varying between 0.5 and 5 mg., there were a consistent, slight 
widening of the transitional limb, and occasional widening of the 
venous and arterial limbs. In two instances, with doses of 0.25 mg., 
the only change was a slight narrowing of the arterial limbs. 
Marked widening of the entire capillary loop followed 1 he admin- 
istration of atropine thirty-five minutes after pilocarpine had been 
given, and, in another instance, thirty-nine minutes after pilo- 
carpine, atropine produced marked widening of the venous and 
transitional limbs with hut slight widening of the arterial limb. 


2. Drugs considered to act on the sympathetic nervous system. 

A. Epinephrine . — Sixteen series of observations were made after 
the intravenous injection of epinephrine hydrochloride in doses 
varying from 0.0002 to 0.5 mg. 


a. A dose of epinephrine of 0.001 mg., or over, induced com- 
plete blanching and disappearance of the capillaries in the held. 
With return of the capillaiy lo view, markedly narrowed venous 
and transition limbs were first noted, followed soon after by 
reappearance of similarly narrowed arterial limbs. 


h. A dose of epinephrine of 0.00075 to 0.0003 mg. induced 
narrowing of the arterial limbs, followed by narrowing of the 
venous and transition limbs. The stream of blood was slowed, 
e. A dose of 0.0002 mg. of epinephrine produced no change 


in the capillary loops. 


B. Ergot group . — Five series of observations are reported with 
ergotamine, ergonovine, and ergotoxine. 

a. In two instances, after the injection of 0.25 and 0.50 mg. 
of ergotamine, the capillaries showed narrowing of the arterial 
limbs, fluctuations in distinctness of outline, and slowing of the 
stream. 
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b. In two instances, after injections of 0.20 mg. of -ergonovine, 
there were narrowing of the arterial limbs and fluctuating dis- 
tinctness of the capillary outline. 

c. In one instance, after the injection of 0.50 mg. of ergotoxine, 
there were narrowing of varying degree of the arterial limbs and 
fluctuating distinctness of the capillary outline. 

3. Miscellaneous. 

A. Nicotinic acid . — Doses of 5 mg. and 10 mg. of nicotinic acid 
were administered intravenously. The smaller dose was found to 
give a slight widening of the entire capillary loop, and the large 
dose induced a more marked widening of the arterial limb. 

B. Nicotamic acid . — A dose of 5 mg. of nieotamic acid, in in- 
jected intravenously, induced an increased speed of blood flow 
and widening of the entire capillary loop. 

Table I 

Summary of Effects of Specific. Drugs on the Surface Capillaries 

of the Macaca Rhesus 


DRUG 

ART. L. 

TRANS. L. 

VEX. L. 

BL. FLOW 

Pilocarpine 

Nar. 


Nar. 

Dec. 

Acetyl-/3-Meth_ylcholine 

Wid. 


Wid. 

Dec. 

Atropine 

Wid. 

Wid. 

Wid. 


Epinephrine 

Nar. 

Nar. 

Nar. 

Dec. 

Ergot 

Nicotinic acid. 

Nar. 

Wid. 

Wid. 

Wid. 

Dec. 

Inc. 


Art. L. = Arterial limb of the capillary. 

Trans. L. = Transitional limb of the capillary. 
Ven. L. = Venous limb of the capillary. 

Bl. Flow = Blood flow through the capillary. 
Nar. = Narrowed capillary limb. 

Wid. rr Widened capillary limb. 

Dec. = Decreased blood flow. 

Inc. = Increased blood flow. 


DISCUSSION 

Capillary blood vessels are described histologically as tubes about 
8 micra in diameter, formed by a single layer of endothelial cells, and 
in which muscle elements are lacking. Intercellular cementing sub- 
stance is interposed along the margins of the endothelial cells. 1 Kouget 
cells, 2 ' 3 which are believed to represent specialized contractile ele- 
ments, are distributed at intervals along the capillaries. The blood flow 
is from the arterial to the venous limb of the capillary loop. Arterio- 
venous anastomoses, with muscular Avails and rich autonomic innerva- 
tion, are abundant in the fingers and palm of the hand, and act as special 
sluice gates to by-pass the capillary bed. 

For direct capillary microscopy in man, the capillaries of the skin 
and accessible mucous membranes are utilized. In the region of the 
fingernail bed (at the base of the cuticle) and the inner surface of 
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the lip, observation of longer capillary limbs is possible because they 
tend to lie horizontal to the external surface. 

In three of the four monkeys studied, the capillary forms at the 
fingernail bed showed meandering of the limbs, shorter arterial limbs, 
and venous limbs, and close proximity to the subpapillary plexus. These 
capillaries resembled the inhibited developmental form, or “archieapil- 
lary,” described in man by Jaensch/ and are similar to those in cases of 
mongolism 5 and pituitary disturbances of the Frohlich type/" 8 The 
fourth monkey had capillary loops of hairpin shape, closely similar 
to the so-called human capillaries in the same region. 

Reference to the table in the preceding section, summarizing the 
effects of the drugs on the capillaries, indicates their possible division 
into two main groups. Epinephrine, pilocarpine, and ergot produced 
narrowing of the capillaries, whereas atropine, nicotinic acid, and 
acetyl-/?-methyleholine caused widening of the capillaries. 

1. Drugs causing narrowing of the capillaries. 

Epinephrine in doses sufficient to induce a pressor response acts by 
direct myocardial stimulation, increased heart rate, and by constriction 
of the arterioles. 0, 10 The range of doses employed in this study, i.e., 
0.0003 mg. to 0.5 mg., induced a nan-owing of the entire capillary. 
Reduction of the injected dose in two instances to 0.0002 mg. gave no 
observable change in the capillaries. With minute doses intravenously 
in animals or subcutaneously in man, a fall in diastolic pressure caused 
by vasodilatation has been observed. 11 In the ear of the rabbit, blanch- 
ing of the capillary fields after the administration of epinephrine was 
observed by Meltzer and Auer. 12 .Subsequent hyperemia of the central 
vessel and arterioles occurred in some instances, but no mention is 
made of similar capillary changes. Studies of the capillaries in man 
after the administration of 1 mg. doses subcutaneously showed narrow- 
ing with no subsequent dilatation, although the observation was car- 
ried on for over one hour. 12 ' u There is no direct evidence in the lit- 
erature that capillary widening is caused by epinephrine ; the evidence 
that vasodilatation may occur is based essentially on plethysmographic 
studies indicating over-all vascular changes in the part, 1- '' 1 ’ and on 
thermocouple studies indicating temperature changes in the muscle. 1 

The action of pilocarpine on the peripheral circulation has not been 
extensively investigated. It is difficult to explain the observation re- 
ported here of decreased diameter of the capillary limbs and no change 
or slight decrease in blood flow, rather than the expected peripheral 
vasodilatation. Although the autonomic responses to pilocarpine are 
considered to be due to its direct action on cells innervated by post- 
ganglionic cholinergic fibers, some apparently anomalous reactions of the 
cardiovascular system have been reported. J0 ' It has been suggested 
by Heaton and MaeKeith 21 that the anomalous effects on the circulation 
may possibly be explained by stimulation of the preganglionic .sympa- 
thetic fibers by pilocarpine. 
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Diameter and. blood flow changes in the peripheral capillaries at the 
fingernail bed in man have been reported after the administration of 
ergotamine tartrate to patients with migraine. 22 The mechanism of the 
action of ergotamine tartrate is believed to be a stimulation of the 
myoneural junctions of the motor sympathetic nerves. 23 This action 
is consistent with the observed capillary narrowing. 

2. Drugs causing widening of the capillaries. 

Doses of atropine between 0.5 and 5 mg. were found to induce small 
increases in capillary diameter. 'With doses of atropine less than 1 mg. 
there was, in some instances, a decrease in the diameter of the arterial 
side of the capillary. The action of the drug may be peripheral, as a 
direct vascular effect. Raymond-Hamet, 24 in studies on dogs, concludes 
that atropine may act directly on the smooth muscle of vessels .or their 
terminal innervation. Another theory holds that dilatation of cu- 
taneous blood vessels after atropine (atropine flush) is a compensatory 
mechanism to permit heat loss, and thus offset the rise in temperature 
which atropine induces because of the suppression of sweat. It has, 
further been considered that atropine flush follows dilatation of ar- 
terioles from stimulation of the vasodilator center. Lewis, 25 however, 
has shown that a “flush,” in general, is related to changes in the sub- 
papillary plexus, and not to increased blood flow or diameter of the 
capillaries. Marrazzi 26 believes that atropine acts at the sympathetic 
ganglia to block tonic vasoconstrictor effects. The observations re- 
ported here with direct microscopy may be correlated satisfactorily 
with this conclusion. No explanation can be offered for the fact that 
there was a more marked increase in capillary diameter when atropine 
was administered subsequent to pilocarpine. 

The increased peripheral capillary diameter and increased blood flow 
after nicotinic acid administration are consistent with the reported clin- 
ical observations. Spies and his co-workers 27 ’ 28 have noted the occur- 
rence in man of increased temperature, flushing, burning, and itching- 
after oral or intravenous doses of nicotinic acid, affecting especially 
the skin of the face and upper part of the trunk. Similar changes have 
been reported by Atkinson. 29 The mechanism of this nicotinic acid 
side action is not known, although the reaction is seemingly roughly 
proportional to the dose. 30 

The observations on . acetyl-/?-methyleholine reported here, namely, an 
increase in the arterial and venous capillary limb diameters, are con- 
sistent with those recorded in the literature. Doses of 20 mg. in man, 
a dmi nistered subcutaneously or intramuscularly, or larger doses by 
mouth, give a transient fall in blood pressure and the sensation of 
warmth and flushing, 31 A rise in digital skin temperature has been 
noted by Goldsmith 32 after oral doses of aeetyl-/?-methylcholine; a 
similar rise in skin temperature has been noted after iontophoresis. 33 
The portion of the circulatory tree involved in these responses is not 
specified. An explanation that may be offered for the absence of in- 
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crease in bloorl flow ifirough the observed peripheral skin capillaries is 
the possibility of increased flow through the unobserved arferiolovenous 
anastomoses. 

Diameter changes in capillaries after drug administration may be 
the result of direct effects on the limbs of the capillaries, or reflections 
of changes occurring in the arterioles or veins. Widening of the ar- 
teriole, when associated with increase in blood flow, may induce passive 
widening of the arterial capillary limb. Diameter changes of the limbs 
of a capillary, however, may he due to the resultant balance of vaso- 
constrictor and vasodilator impulses, or thinning or swelling of the 
endothelial cells. 34 * 35 The method employed here does not yield any 
definite cine as to which of the mentioned mechanisms may be involved 
in the change in capillary diameter. These drugs which are known to 
act on the autonomic nervous system may be considered to transmit 
their capillary effect over the autonomic pathways. 
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ELECTROCARDIOGRAPHIC CHANGES OF IMPENDING 
INFARCTION, AND THE ISCHEMIA-INJURY PATTERN 
PRODUCED IN THE DOG BY TOTAL AND SUBTOTAL 
OCCLUSION OF A CORONARY ARTERY 

Robert H. Bayley, M.D., and John S. La Due, M.D. 

New Orleans, La. 

INTRODUCTORY REMARKS 

I N A previous communication 1 we have described the manner in which 
the electrocardiographic pattern of ischemia and injury may be re- 
corded. When a segment of the anterior descending branch of the 
dog’s left coronary artery is dissected through a small hole in the 
pericardial sac and a ligature is passed around the artery, the vessel 
may be occluded totally or subtotally, as desired, by applying tension 
on the ligature. An essentially unipolar lead is employed, with the 
exploring electrode placed upon the anterior (or anterolateral) surface 
of the pericardial sac superjacent to the terminals of the dissected 
artery, and the indifferent electrode on the left foreleg. The choice 
of galvanometer terminals is always such that a relatively positive 
sense of the potential at the exploring electrode, as compared with that 
at the indifferent electrode, produces an upward movement on the 
completed record. Continuous recordings are made before, during, 
and after brief experiments, or at frequent intervals during and after 
occlusions which last longer than ninety seconds. The resulting elec- 
trocardiographic changes are conveniently referred to as the ischemia- 
injury pattern. 1 * 2 It is our present purpose to report the effect on the 
ischemia-injury pattern produced by subtotal occlusion, and to discuss 
some of the implications suggested by the modifications of the pattern 
as they appear to concern certain electrocardiographic problems en- 
countered clinically. 


METHOD AND MATERIAL 

The method of preparation of the animal was similar to that de- 
scribed in a previous communication. 1 Some refinements are note- 
worthy, however. A good exposure of the pericardial sac is obtained 
by dividing one or two costochondral cartilages before the incision is 
spread open. The cotton foot of the exploring electrode is a thin, cir- 
cular disc, 1 cm. in diameter, attached to a cotton wick. Only the disc 
is permitted to touch the animal at the desired region of the pericardial 
surface. Momentary contacts with the chest ivall or with the lung will 
produce disturbing artifacts on the completed record. In the experi- 
ments reported, an accessory lead was recorded simultaneously. The 

t?-® department of Medicine of the Louisiana State University School of 
Aieoicine, Zsevr Orleans. 
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method of taking the accessory lead varied with the particular prep- 
aration. At times it was of the semiunipolar variety, with the explor- 
ing electrode in the subcutaneous tissues superjacent to the right ven- 
tricle. At other times it was of the essentially unipolar variety, with 
the exploring electrode placed directly on the pericardial sac over the 
posterolateral aspect, of the left ventricle. In one animal Lead II was 
recorded simultaneously, and, in another animal, Lead I was used. 
Twelve young, medium-sized dogs were used, and were sacrificed at the 
end of four to six hours. 

RESULTS 

Dogs 10 and 11 died during the course of preparation. Dog 6 de- 
veloped auricular tachycardia with a rate of 180 per minute. During 
the course of experimentation with total occlusion, 1 ’ 2 we have had 
three animals whose hearts acted in a similar way. All yielded atypical 
occlusion patterns which closely resembled one another. Although we 
are not prepared to discuss these patterns at the present time, it ap- 
pears that a high rate of beating is associated with an alteration in the 
dynamics of coronnary flow which is reflected in ischemia-injury pat- 
tern of occlusion. Dog 8 yielded curves of the kind we have inter- 
preted as evidence that the exploring electrode had been placed super- 
jacent to a region of the myocardium not involved during occlusion by 
the expanding, zones of ischemia and injury. This might have been 
anticipated from previous experience, for in this animal the anterior 
descending branch was observed to divide early into two subdivisions 
of approximately equal size. Usually, the inferior subdivision is con- 
siderably smaller. Dissection of both subdivisions with simultaneous 
occlusion of each subsequently yielded satisfactory patterns. The re- 
maining seven animals likewise yielded results of a uniformly predic- 
table character. 

Diversion of T in Stages . — The curves displayed in Fig. 1 show a 
negative T, obtained after arterial dissection, which undergoes gradual 
reversion after an intravenous injection of 0.12 Gm. of theophylline 
with etliylenediamine. 2 Shortly after the reversion, subtotal occlusion 
was carried out in eight stages by intermittently increasing the tension 
on an elastic band, looped about the dissected artery. A strip was re- 
corded commencing about thirty seconds after each increase in tension. 
The result is shown in Fig. 2, in which inversion of T is observed to 
occur in eight stages. The inverted T in Stage 8 is comparable in form 
to that observed before theophylline reversion (Fig. 1). The interval 
over which the inversion stages extend is approximately ten minutes. 
It is recalled that the homologous inversion which follows sudden, com- 
plete occlusion 2 is obtained in about thirty seconds. In the last four 
stages shown in Fig. 2 there is an undulating variation in the amplitude 
of T which is synchronous with the artificial respiratory movement of 
the lungs and mediastinum. The smaller T deflections are associated 
with the taller QRS deflections, and, conversely, the taller T deflections 
are associated with the smaller QRS deflections. Undulating variations 
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in the amplitude of QRS which are synchronous with the respiratory 
movement are observed to occur continuously throughout all of our 
experiments. They are extracardiac in origin, and are associated with 
the respiratory variation of the conductivity of the medium surround- 
ing the heart. If the T-wave changes depicted in Fig. 2 are to be 
ascribed to the same cause, they should be like in kind, and should 
vary directly with the QRS changes. Actually, the T-wave changes, 
although they are synchronous with the respiratory movement, are 
unlike in kind, vary inversely with the QRS changes, and occur only 
during the subtotal occlusion period. We ascribe the undulating form 



Fig. — Complete occlusion for ninety seconds. Strip 300 is a control recorded he- 

l° ro opening the chest. The exploring electrode is in the subcutaneous tissues super- 
, to th £ apex of the left ventricle. Strip SOI is a control taken before arterial 
JJl, , .,T he exploring electrode of the main (top) lead was on the anterolateral 
irfll'- , - t! ? e Pericardial sac superjacent to that part of the free wail of the left 
^ mtricie irrigated by the artery which is as yet undfssected. The exploring electrode 
rb.,;, (bottom) lead was in the subcutaneous tissue superjacent to the 

' bVb! of , th /' right ventricle. Reading from left to right and from above down 
or tbn TJJtilT frr "” ■ recording made before, during, and after occlusion 

nostd? “*?, r i or ■ ■■■ ' : • . of the left coronary artery. The first strip Is the 

and embSi TL CC ‘ ■ "■ 1 ■ rrows indicate the times at which occlusion started 

before no Ji. iff J i K! «K«re under each strip Indicates the time in seconds 
tlvoiv °Tii? • , af ter occlusion started, and after occlusion ended, respec- 
onlv'minor chonTjJT. OI thc ; P’ain lead Is a typical negative T pattern. Note that 
and the Jfond tuTW ,, n the accessory lead. The time lines are 0.1 second apart, 
lead T n' th r. ™ Jib' "VJJT % normal for the main lead, and normal for the accessory 

S f -e text, ' ma n ea '-l (he top of the R deflections was sacrificed to conserve space. 
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of T to the varying degree of subtotal occlusion produced by the rise 
and fall of the heart with respiration and with respect to the fixed 
extremity of the elastic ligature.* After release of the subtotal occlu- 
sion the inverted T gradually became positive. 
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Prolonged Diversion of T. — Fig. 3 displays strips which were cut from 
a continuous recording made before, during, and after ninety seconds 
of complete occlusion. The exploring electrode of the accessory lead 


•This is the only experiment in which an elastic ligature was used, and in which 
the exploring electrode was placed directly upon the heart’s surface. 
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(lower curve) was superjacent to tlie anterolateral wall of the right 
ventricle. The fall B deflections of the upper curve are removed to 
conserve space. The first arrow indicates the time at which sudden, 
total occlusion was commenced; the second arrow indicates the time at 
which the occlusion was released. The ischemia effect was maximum 
twenty-five seconds after the occlusion commenced. The general form 
of the pattern is typical of the negative T variety . 1 The animal (Dog 
3) was the only one of the series of twelve to display a negative T 
deflection in the control of the main curve recorded before arterial 
dissection. The accessory lead from the right ventricle displays rela- 
tively minor T-wave changes. Fig. 4 shows the electrocardiographic 
changes that appeared during a five-minute period of subtotal occlusion 
and during an immediate subsequent period in which the subtotal oc- 
clusion was made complete for’ ninety seconds. The experiment was 
carried out on Dog 3 several minutes after completion of the experi- 
ment shown in Fig. 3. A comparison of Fig. 4 with Fig. 3 shows, there- 
fore, the nature of alterations of the ischemia-injury pattern produced 
by a complete, ninety-second occlusion with and without an immedi- 
ately preceding period of prolonged ischemia. Evidently, the effects 
due to complete 'occlusion are more pronounced and regress more 
slowly after occlusion ends if the onset of complete occlusion is imme- 
diately preceded by a period of subtotal occlusion. 

The Effects of Variable Subtotal Occlusion. —The curves shown in 
Figs. 5, 6, and 7 represent the effects produced by high-grade subtotal 
occlusion of five minutes’ duration, during which the tension on the 
ligature was relaxed slightly whenever a definite injury effect ap- 
peared in the moving shadow of the galvanometer string. At the end 
of the five-minute period of subtotal occlusion, the occlusion was made 
complete for ninety seconds (see time signals in Figs. 6 and 7), after 
which complete release of the ligature was followed by a return of the 
curve to a nearly normal form. The accessory lead selected for the 
preparation (Dog .9) was standard Lead J. The ischemia-injury effects 
in Lead I, although much smaller in magnitude, are like in kind to 
those observed in the unipolar lead. [Moreover, the order of appearance 
and disappearance of the changes is the same in the two methods of 
leading. On the other hand, the time of appearance and disappearance 
of the changes in the extremity lead, as compared with homologous 
changes in the unipolar lead, is not in close agreement because effects 
which have reached striking proportions in the latter arc concurrently 
insignificant in the former type of lead. Other evidence (to be re- 
ported later) demonstrates emphatically the unreliability of extremity 
leads in experiments of the kind under consideration. 

DISCUSSION 

In 1931, Wood and Wolferth* produced brief, complete occlusions of 
the coronary arteries in dogs and recorded the effects intermittanlly 
with extremity leads. Occasionally, Lead II was recorded continuously. 




Fig. 5. — The effects of high-grade subtotal occlusion of varying degree for a five- 
minute period, followed by complete occlusion for ninety seconds. Heading from left 
to right and from above down: The exploring electrode of the main (upper) lead 
was on the pericardial sac superjacent to that part of the free wall of the left 
ventricle normally irrigated by the dissected artery. The accessory (lower) lead 
is standard Lead I. Controls 1, 2, and .5 are before opening the cliest, after open- 
ing the chest, after arterial dissection, after warming the pericardium with normal 
saline, and before occlusion, respectively. The first arrow indicates the interval 
within which subtotal occlusion was started. The second arrow indicates the interval 
within which the subtotal occlusion was made complete and during which the con- 
tinuous strip shown in Figs. 6 and 7 was recorded. The time signal (strip a. Fig. 6) 
indicates the onset of complete occlusion. The time signal (strip e. Fig. 7) indicates 
the end of occlusion. The figures over the strips (top row) and under the strips 
(bottom row) indicate, respectively, the time after subtotal occlusion started and 
the time after total occlusion ended. The dash indicates minutes, and the double 
dash indicates seconds. Standardization is % normal and normal for the unipolar and 
for the extremity lead, respectively. See text. 

















Fig. 7. — See legend of Fig. 
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coronary artery . . . caused no change in the (extremity-lead) electro- 
cardiogram.” We assert that properly placed unipolar leads will in- 
variably show striking electrocardiographic changes of a highly pre- 
dictable kind when a large coronary artery is suddenly occluded. They 
state that “change in the position of the heart was not a factor in 
these electrocardiographic changes.” When a unipolar method of 
leading is employed, in which an exploring electrode is placed on the 
pericardial sac (or on the heart’s surface) superjacent, to the tribu- 
taries of the occluded artery, it may he safely asserted that the position 
of the heart is not an influential factor in the kind or magnitude of the 
electrocardiographic changes associated with the occlusion. On the 
other hand, we suggest that, when using the extremity leads, the posi- 
tion of the heart may well account for the total absence, the presence, 
and the direction, singly or in combination, of electrocardiographic 
changes associated with experimental coronary artery occlusion. Finally, 
we are able to confirm the major conclusion reached by Wood and 
Wolferth , 3 namely, that brief coronary artery occlusion is associated 
with local myocardial changes of slightly longer duration, which are 
in turn responsible for temporary alterations in the T wave and in the 
JfS-T junction. Our previous '• 2 and present investigations have at- 
tempted to extend the solution of the problem. 

It has been shown experimentally,’ and is now re-emphasized, that 
the electrocardiographic effects of ischemia precede those of injury, 
and that this order of appearance is necessarily the same as would 
occur with myocardial infarction had the latter been permitted to de- 
velop by prolonging the occlusion.® Since the duration (ninety sec- 
onds, or less) of the occlusion usually produced is about one-twelfth 
as long as that required to produce minimal pathologic changes,'* it is 
clear that the electrical phenomena arc entirely independent of demon- 
strable pathologic changes. Consequently, the ischemia-injury changes, 
although often associated with infarction in man, are not to be re- 
garded as diagnostic of infarction. In contrast, are certain well-recog- 
nized, permanent QRS changes which are diagnostic of infarction in 
man and dog. but which are not observed in the ischemia-injury pat- 
terns of brief coronary artery occlusions. 

ft has been shown elsewhere 2 that the ischemia-injury pattern may 
be interrupted at any desired stage of its development by terminating 
the complete occlusion, after which the pattern promptly returns to 
its control form. It has also been shown 2 that a preparation which 
yields patterns of the negative T variety may be made to yield pat- 
terns of the positive T variety by the administration of theophylline 
with ethvlenediamin e. In the present experiments it was demonstrated 
that the ischemia phase may be produced gradually, in stages, by in- 
creasing degrees of subtotal occlusion, and that it can be prolonged 
in prop ortion to the duration of subtotal occlusion. After release of 

•The same order of appearance may likewise hold for acute pericarditis. 
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the subtotal occlusion, the T wave gradually reverts to its original 
form. Finally, it is shown that variable, high-grade occlusion is at- 
tended with a variable pattern which moves from the ischemia phase 
into, and out of, the injury phase, depending upon whether the grade 
of occlusion is increased or decreased. 

The kind of electrocardiographic changes produced by the various 
kinds of arterial occlusion have occurred repeatedly in a highly pre- 
dictable manner for an over-all total of twenty dogs, upon each of 
which an average of four occlusive procedures have been carried out. 
The evidence, so it seems to us, indicates clearly that a second-to-second 
relationship exists between the electrical activity (ischemia and injury) 
produced by the involved myocardium and the quantity (or lack) of 
arterial blood received; that is, the rate at which the electrical effects 
change is a rough measure of the rate at which the arterial circulation 
is impaired or improved for as long a time as the involved muscle is 
able to respond. 

Physiologic Considerations . — Little is to be gained at this time by at- 
tempting an analysis of the ischemia-injury pattern. Certain of the 
broad analytical aspects of comparable electrocardiographic changes 
in man have been presented elsewhere, 3 and we see no reason why a 
similar approach is not altogether suitable to homologous electrocardio- 
graphic changes in the dog. The diagrams in Fig. 8 b will serve our 
present purpose. Let the surface of the paper represent that part of 
the epieardial surface of the heart which is superjacent to the region 
of the ventricular wall and is normally irrigated by the dissected 
artery. At 0 the surface is normal, and complete occlusion has just 
commenced. At 1 the exploring electrode is shown in the general 
vicinity of the center of the surface under consideration, in which 
there has now appeared a small zone of ischemia. Within a second 
after the onset of occlusion the zone of ischemia will have expanded 
beyond the electrode tip, and the ischemia phase of the pattern will 
have commenced (strips a and 6, Fig. 6). In 2 the zone of ischemia 
is beyond the electrode and the zone of injury is now apparent. In 
about forty seconds the zone of injury will have reached the electrode. 
Concurrently, the transition from the ischemia phase into the injury 
phase takes place (strips b and c. Fig. 6). At 3 the electrode is shown 
on the injury zone (about fifty-five seconds after the onset of occlu- 
sion), and the injury phase of the pattern is well developed (strip d, 
Fig. 7). Concurrently, the center of the injured zone displays a new 
kind of activity, possibly because of local release of potassium from the 
interior of the injured cells. 0 At 4 the (?K) zone involves the elec- 
trode, and the “waterfall” T waves are converted gradually into up- 
wardly directed spikes (within sixty seconds after the onset of occlu- 
sion). If the occlusion is now suddenly released, the zones rapidly 
vanish in the reverse order to that in which they appeared (strip c and 
/, Fig. 7). If the occlusion is maintained for ten minutes or longer, 
the initial effect of the ( ?Iv) zone gradually vanishes. Presumably, the 
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action of potassium on the injured zone changes, or the injured zone 
is no longer able to respond in the same way. The effects of more 
prolonged occlusion are beyond the limits of this communication. 

We wish to emphasize that the cardiac muscle of both man 7 and dog 1 
ordinarily passes into and out of the injured state through a stage 
evidenced by primary T-wave changes and called the ischemia phase. 
It is our present opinion that the injured zone cannot long endure with- 
out local death of most of its central region. On the other hand, the 
ischemia stage is known to exist in man for at least two weeks without 
the development of detectable microscopic changes. 7 

Clinical Implications . — If infarction can be prevented or minimized at 
its impending stage, the recognition of this stage will be extremely 
important clinically. At present, the only possible means of recogni- 
tion in the impending stage is, so far as we know, the proper evaluation 
of electrocardiograms which display evidence of acute, local, ventricu- 
lar ischemia. 5 ’ 7 The serial electrocardiograms shown in Fig. 8 a and 8c 
are two examples of the appearance of acute local ventricular ischemia 
which later developed into the injury stage and infarction. The latter 
appeared one day after the discovery of acute local ischemia in one 
patient (Fig. 8a-), and within twelve days in the other (Fig. 8c). 

SUMMARY 

1. When the dog’s coronary artery is completely occluded for ninety 
seconds, an essentially unipolar lead, taken with the exploring elec- 
trode superjacent to that part of the myocardium which is ordinarily 
irrigated by the artery, undergoes a highly predictable sequence of 
changes. 

2. The pattern thus obtained has been referred to as the isehemia- 
injury pattern. 1 ’ 2 The ischemia phase commences almost at once, con- 
sists of a primary T-wave change, and lasts from thirty to forty-five 
seconds. 

3. The ischemia phase may be induced gradually, in stages, by sub- 
total occlusion, the degree of which is increased in a like number of 
stages. If the subtotal occlusion is promptly ended, the induced T- 
wave change gradually vanishes. 


Fig. 8. — a. Three serial electrocardiograms recorded before, during, and after 
myocardial infarction in a white man, aged 67 years. The curve of Feb. 2, 1943, 
is interpreted as indicating acute, local ischemia of the ventricular muscle ordinarily 
irrigated by the left coronary artery. The permanent QRS changes in Lead III of 
the two subsequent curves indicate “posterior” infarction ‘“at a distance.” Cardiac 
pain was present only at the time of the first recording. The patient had hypertensive 
arteriosclerotic heart disease. Fever and an increased sedimentation rate developed 
on Feb. 26, 1943. No leucocytosis or fall of blood pressure occurred. 

b , A diagram of the ischemia-injury distribution under development. See text and 
Figs. 6 and 7. 

c. Serial electrocardiograms recorded from a white woman before, during, and 
after the development of anterolateral infarction. Repeated, fifteen-minute attacks 
of cardiac pain had occurred for six days prior to Apr. 23, 1943. No further pain 
occurred until the morning of May 6, 1943, at which time she experienced a most 
severe four-hour attack. The first three recordings indicate (under the circumstances) 
acute local ventricular ischemia of varying intensity in the muscle ordinarily irrigated 
bv the left coronary artery. The permanent QRS changes in the last two recordings 
indicate myocardial infarction. The curve at 8 A.xr. shows the (?K) effect. See text 
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4. The ischemia phase may be induced almost at once by subtotal 
occlusion, and its duration is directly proportional to the duration of 
the subtotal occlusion. A variable, high-grade, subtotal occlusion 
causes the pattern to evolve from the ischemia phase into and out of 
the injury phase, depending upon whether the subtotal occlusion is 
increased or decreased. 

5. A brief description of the distribution upon the epieardial surface 
of the development and the decay of ischemia and injury is offered, 
and it is pointed out that the analytical approach presented elsewhere 
for the analogous electrical problem encountered in man 5 appears alto- 
gether suitable for the situation encountered in the dog. 

6. It is important to know how long local ischemia, associated with 
only primary T-wave changes, must exist in order to be followed by 
local myocardial fibrosis. This we have not ascertained, but analogous 
changes have been known to exist in man for at least two weeks with- 
out detectable myocardial change. 7 Serial electrocardiograms recorded 
from man are presented, in which the ischemia phase gradually evolved 
into the injury phase and myocardial infarction. It is emphasized that, 
if a method is developed by which infarction may be prevented or 
minimized when treated in its impending stage, thp recognition of this 
stage will be of considerable clinical importance. So far as we know, 
the only means by which the stage of impending myocardial infarction 
may be recognized is by proper evaluation of electrocardiograms which 
display evidence of acute, local, ventricular ischemia/" 7 

Thank® are given to AT. E. Barley, R.N., and to Dorothy J. York, B.S., for tech- 
nical assistance. We likewise wish to express our thanks to Dr. James L. Oouaux 
for permission to use the electrocardiogram in Fig. Sc. 


REFERENCES 


1. Hay ley, R. H., LaDue, J. S., and York, D. J.: Electrocardiographic Changes 

(Local Ventricular Ischemia and Injury) Produced in the Dog by Tempo- 
rary Occlusion of a Coronary Artery, Showing a New Stage in the Evolution 
of Myocardial Infarction, Am. Heart J. 27: 104, 1044. 

2. Bayley, R. II., LaDue, J, S., and York, D. J.: Further Observations on the 

Ischemia-In jury Pattern Produced in the Dog by Temporary Occlusion of 
a Coronary Artery. Incomplete T Diversion Patterns, Theophylline T Re- 
version, and Theophylline Conversion of the Negative T Pattern, Air. Heart 
J. 27: 057, 1944. ‘ 

J. W ood, F. C., and Wolferth, C. C., with the technical assistance of Livezey, 
M. M.: Angina Pectoris: The Clinical and Electrocardiographic Phenomena 
of the Attack and Their Comparison With Effects of Experimental Tempo- 
rary Coronary Occlusion, Arch. Int. Med. 47: 33.9, 1931. 

4. Blumgart, H. L., Gilligan, D. R., and Schlesinger, M. J.: Experimental Studies 
on the Effect of Temporary Occlusion of Coronary Arteries. IT. The Pro- 
r duction of Myocardial Infarction, Air. Heart J. 22: 374, 1941. 
j. Bayley, R. H.: On Certain Applications of Modern Electrocardiographic Theory 
to the Interpretation of Electrocardiograms Which Indicate Myocardial 
Disease, Air. Heart J. 26: 769, 1943. 

i. Ashman, R., and Hull, E Essentials of Electrocardiography, New York, 1941, 
„ The Macmillan Co. ’ 

t. an d Monte, L. A : Acute, Local, Ventricular Ischemia or Im- 

Ne mr^v I \ f f/ C TV° n ’ C T U o* d JS' tweeting Aneurysm. Case Report With 
-Necropsy, Axr. Heart .J. 25: 262, 1943. 



OBSERVATIONS ON THE HEART SIZE OF NATIVES 
LIVING AT HIGH ALTITUDES 

A. J. Kerwin, M.D. 

Toronto. Canada 

I T HAS been demonstrated by several workers that severe, acute anoxia 
may cause dilatation of the heart. The effects of chronic anoxia on 
the heart, are, however, by no means clear. There is some experimental 
evidence to suggest that cardiac hypertrophy may result from prolonged 
exposure to low concentrations of oxygen. As Van Liere 1 points out, 
however, there is little or no information in the literature on the heart 
size of people who live at high altitudes. 

During the course of a three-year stay in the Andes, an opportunity 
was afforded for making observations on this subject. The most useful 
and accurate information would, of course, have been obtained from 
autopsies on persons who died from accidents or diseases which are 
known not to cause cardiac hypertrophy. However, local conditions 
were not favorable to gathering together a sufficient number of these for 
study. It was therefore decided to utilize roentgenograms in an at- 
tempt to ascertain whether living at a high altitude does cause cardiac 
enlargement. 

MATERIAL AND METHOD 

The subjects were normal native Peruvian males of Indian race with 
a small admixture of white blood in some cases. All had been born at 
altitudes varying from 10,000 to 15,000 feet, and, with a few exceptions, 
had lived all their lives at these altitudes. Some had made trips to lower 
levels or even to the seaeoast, but usually not for more than a few 
months. These men were either applying for work in the smelter or 
mines or were anxious to leave the company employ. 

Their ages ranged from 17 to 66 years. It was recognized that in 
some, cases his exact age was unknown to the man himself, but it is 
unlikely that the individual discrepancy amounted to more than a couple 
of years, and, in a large series, the errors would tend to cancel out. 

In each case the height was measured in centimeters and the weight in 
kilograms. An attempt was made to obtain a history of previous ill- 
nesses, although the value of the answers was frequently doubtful. A 
complete physical examination was done, including measurement of the 
blood pressure and testing of the urine for albumin. 

Those who were suffering from detectable cardiac disease were ex- 
cluded from the study. Electrocardiograms were not taken routinely, 
but, when an abnormality was found, the case was not included. Cases 
of hypertension (with a pressure of more than 140/90), thyroid disease, 
albuminuria, and tuberculosis were eliminated, as were cases of sus- 
pected illness in which a definite diagnosis could not be made in the time 

This work was carried out in Oroya. Peru (altitude 12.200 feet), during the years 
1937 to 1940. Analysis and publication of the data have been delayed because of 
the war. 

Received for publication, July 2, 1943. 
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available. Special care was taken to rule out pulmonary disease, par- 
ticularly pneumoconiosis. Among the older subjects it was, of course, 
not possible to exclude all cases of asymptomatic coronary disease, but 
it is not likely that any considerable number of these was used. 

The roentgenograms were taken at a distance of 6 feet, and the ex- 
posure time was Y 2 o second. Exposures were made in the postero- 
anterior direction at the end of normal inspiration. Consideration was 
given to the use of lateral views in an attempt to estimate the heart 
volume by means of a formula such as the Pohrer-Kahlstorf, but the de- 
fects of any such formula seemed too great to justify the expense and 
time involved. 

The transverse, long, and broad diameters were measured in the usual 
way. The frontal area was estimated from the long and broad diameters 
by means of the nomogram of Ungerleider and Gubner. 2 The estimate 
of the effect of altitude on heart size was based on the transverse 
diameter and the frontal area. The imperfections of these two measure- 
ments, particularly in borderline -eases of enlargement, are too well 
known to require discussion. Criticism of their shortcomings is, how- 
ever, applicable chiefly in the individual case, particularly when only 
one set of figures is available. The objections are much less applicable 
to a large number of eases such as this series. 

The ideal method of ascertaining the effect of high altitude on heart 
size would have been to compare these data with those derived from 
normal Peruvian Indian inhabitants at sea level. Since figures for the 
latter were not available, it was decided to compare the measurements 
with the normal standards for white persons living near sea level, re- 
cently published by Ungerleider and Clark 3 and Ungerleider and Gub- 
ner. 2 The possible objections to this procedure will be discussed later. 

From the nomograms of Ungerleider and Gubner, 2 the predicted “nor- 
mal” transverse diameters and frontal areas were ascertained for these 
natives on the basis of their heights and weights, and these were com- 
pared with the actual observations. As an indication of deviation from 
the standards it was decided to use the percentage changes above or be- 
low the “normal” predictions as the raw data, rather than the actual 
differences. These percentage changes were calculated to the nearest 
whole figure, for it was felt that the use of decimal places was not justi- 
fied. The information thus obtained was subjected to statistical analysis. 

RESULTS 

In all, 273 persons were regarded as suitable for analysis. This sample 
of the population was unselected with the exceptions noted above, i.e., 
the exclusion of those suffering from diagnosable disease. 

The average height of these subjects was 156.26 cm., and the average 
weight, 55.63 kg. 

" Transverse Diameter . — The percentage variations from the predicted 

normals” were divided into ten groups of 5 per eent each, ranging 
from -10 per cent to +35 per cent. The number and percentage of the 
total are shown in Table I. 

A histogram showing the distribution of these cases is presented in 
Fig. 1. 

Fig. 2 shows the frequency distribution curve of these same eases, 

oge er with the distribution curve of the 1,460 white persons who 
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formed the basic data of Ungerleider and Clark’s tables. 3 For more 
accurate comparison the grouping in this series was abandoned, and, to 
provide a curve of comparable size, the number of eases in each per- 
centage was multiplied by approximately 5.4. Only the smoothed curve 
of Ungerleider and Clark is shown; the actual numbers of my series 
are plotted, and an approximate curve is drawn through these. The 
table and figures show that the transverse cardiac diameters of these 
natives were definitely greater than the normal standards for white 
males. The average percentage change in transverse diameter (T. D.) 
for all cases was +11.5 per cent, with a standard deviation of 7.1; the 
standard error of the latter was 0.30. 



—14 —9 —4 +5 -dO +15 +20 +25 +30 +35 

Percentage Change in Transverse Diameter. 

Fig. 1. — Histogram showing the frequency distribution of cases for varying per- 
centage changes in transverse diameter. 

Table I 


PERCENTAGE 
CHANGE IN 
TRANSVERSE 
DIAMETER 

-10 TO 
-14 

V\ 

-5 TO 
-9 

0 TO 
-4 

+1 TO 
+5 

+ 6 TO 
+10 

+11 TO 
+15 

+16 TO 
+20 

+21 TO 
+25 

+26 to 
+30 

+31 TO 
+35 

Number of 
cases 

1 

3 

10 

49 

09 

OS 

45 

16 

10 

2 

Percentage of 
total 

0.37 

1.1 

3.6 

18.0 

25.3 

24.9 

16.5 

5.9 

3.6 

0.73 
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Compai-ison of the frequenej- distribution curves in Fig. 2 suggests 
that this is at least as valid a sample of the population as is that of 
Ungerleider and Clark. 3 It is obvious that the range of measurements 
is significantly shifted to the right, and that the values are definitely 
higher. 

Table II shows an analysis of the influence of age on the percentage 
change in transverse diameter. If one uses an increase of 10 per cent, 
or more, over the predicted “normal’'’ as an indication of “enlarge- 
ment,” one can then ascertain the number in each age group who have 
“enlargment” according to the standards for white males. The average 
percentage change in transverse diameter for each age group is also 
shown. 


Table II 


AOE CROUPS 

or to 19 

YR. ! 

20 to 24 
YR. 



35 TO 39 
YR. 

1 

40 to 44 

YK. 

4 5 YK. 
A.vn 
OVER 

Number of cases 


43 

81 

52 1 

35 

20 

17 

Number with increase in 
T.D. of +10 per cent 
or more 

■ 

20 

44 

27 

20 

■ 

15 

Percentage with increase 
in T.D. of +10 per 
cent or more 

24 

■ 

H 


74 

i 

■ 

88 

Average percentage 
change in T.D. in all 
cases 


+1 1.3 

+10.7 


in 

4-12.0 

■ 


The percentage of those with “enlargement” in each group appears 
at a glance to show a rise with advancing age. On applying the chi 
square test to these figures, one finds that p is just greater than 0.05. 
This is about the value of p which is usually taken to be of significance; 
such a series of figures would be encountered by chance only about 
once in twenty samples. This point will be discussed later in connection 
with the results on frontal areas. Except at the extremes of the age 
groups, there is an insignificant variation in the average percentage in- 
crease in transverse diameter. The chi square test gives a value of 
p — 0.37, so that such a set of results could easily arise by chance. 

Table III shows the average percentage increase in the transverse 
diameter for the various predicted “normals,” which have been grouped 
into seven classes. In the five classes containing sufficient numbers for 
comparison, there is no significant variation in the average percentage 
change. 

Table III 


PREDICTED 
“NORMAL” T.D. 

10.5 to 
10.9 

11.0 to 
11.4 

31.5 to 
11.9 

12.0 TO ! 
12.4 

12.5 to 
12.9 

13.0 to 
13.4 

to 

13.9 

Numlwr of cases 

2 

29 

103 

89 

41 

8 

i 

Average percentage 
change 

+24.5 

+10.6 

+10.0 

m 

+11.5 

m 

+2.0 
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Likewise, as seen in Table IV, the subject’s surface area had no in- 
fluence on the average percentage change in transverse diameter. 

The data on the broad and long diameters were not analyzed sepa- 
rately, but the average broad diameter (10.52 cm.) was 20.9 per cent less 
than the average transverse (13.30 cm.). The average long diameter 
(14.19 cm.) was 6.7 per cent greater than the average transverse 
diameter. 



Pig. 2. — A, Smoothed curve of Ungerleider and Gubner’s- 1.4G0 cases, forming 
the normal standards (the plotting of the original data is omitted to avoid confusion 
in the diagram). B, Curve of the data in this series of 273 cases, multiplied by 5.4 
to provide a diagram of comparable size. A smoothed curve derived from this is also 
shown. 

Fronlal Area . — The percentage changes in frontal area (F. A.) were 
divided for convenience into groups of 8 per cent each, ranging from 
below -16 per cent to over -*44 per cent. Table V shows the numbers and 
percentage of the total in each group. Fig. 3 shows the distribution of 
these eases. 
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TABLE IV 


surface area ik sq. M. 

UP 

TO 

1.40 

1.41 

TO 

| 1.45 

mmm 

ESS 

1.51 

TO 

1.55 

1.50 

TO 

1.60 

1.01 

TO 

3.65 

1.06 

TO 

1.70 

1.71 

AND 

OVER 

Number of cases 

17 

25 

57 

01 

57 

28 

18 

10 

Average percentage change 
in T.D. 

+13.8 

+13.4 

+9.9 

+11.8 

+11.1 

+10.7 

+11.1 

+9.7 


Table V 


PERCEKTAGE 
CHAKCE IK 
FEOKTAL AREA 

UP 

TO 

-16 

-8 

TO 

-15 

0 

TO 

-7 

H 

+9 

TO 

+16 

+17 

TO 

+24 

+25 

TO 

+32 

+33 

TO 

+40 

+41 

TO 

+48 

+49 

AKD 

OVER 

Number of 
cases , 

m 

9 

24 

50 

61 

58 

37 

■ 

9 

9 

Percentage of 
total 

0.37 

3.3 

8.8 

18.3 

22.3 

21.2 

13.5 

■ 

m 

3.3 


Here, as in the ease of the transverse diameter, there is a definite 
increase in the frontal area over the normal for sea level inhabitants. 
No frequency distribution curve on frontal areas of normal whites was 
available for comparison with these data. The average percentage 
change in frontal area was +16.3 per cent, with a rather large standard 
deviation of 14.4; the standard error of the latter was 0.61. 

Table VI shows the influence of age on the percentage variations in 
frontal area; this Is analyzed in a fashion similar to that of Table II 
for transverse diameters. Inspection does not suggest that there is a 
significantly increasing “enlargement” with advancing age within the 
limits of the groups studied. This is home out by the chi square test, 
which gives a p of 0.60. 


Table VI 


AGE GROUPS 

flETjafl 

20 to 
24 
YR. 

25 to 
29 
YR. 

30 to 
34 
YR. 

35 TO 
39 
YR. 

40 TO 1 
44 
yr. 

45 YE. 

AKD 

OVER 

Number of cases 


43 

81 

52 

mSm 

20 i 

17 

Number with increase in P. A. of 
+10 per cent or more 


32 

52 

■ 

24 

12 

13 

Percentage with increase in F. A. 
of +L0 per cent or more 

36 

74 

65 

1 65 

69 

GO 

76 

Average pereentage change in P. A. 
in all cases 

+0.8 

+16.0 

+17.0 

+18.2 

+18.5 




Table VII 


PREDICTED 

"kokmal” 

F. A. 

UP 

TO 

87 

88 

TO 

90 

91 

TO 

93 

94 

TO i 
9G j 

m 

mm 

100 

TO 

102 

103 

TO 

105 

106 

1 TO 
108 

l 109 
! TO 
111 

112 

AKD 

OVER 

dumber of 
ca £03 

5 i 

14 

16 

■ 

56 

43 

48 

28 

21 

12 

Average per- 
centage 
change 


1 

■ 

+19.8 

i 

+33.8 


+34.1 

+12.1 

i +11.7 

-10.5 
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In Table YII tlie predicted frontal areas have been divided into ten 
groups, and for each , the number of eases is shown, along with the 
average percentage change. There is an obvious downward trend in the 
percentage variation, with increasingly larger predicted “normal” 
frontal areas. This impression is supported by the chi square test, 
in which p is less than 0.01 ; this is strong evidence that this result is not 
due to sampling error. 



Percentage Changes in Frontal Area. 

Fig. 3. — Histogram showing the frequency distribution of cases according to varying 

percentage changes in frontal area. 


Table VIII shows the variation in percentage changes in frontal area 
for different surface areas. The chi square test reveals a p of 0.7, 
which suggests that the variations are a matter of chance. 


Table vm 


SURFACE AREA IN SQ. M. 

UP 

TO 

1.40 

1.41 

TO 

1.45 

1.46 

TO 

1.50 

1.51 

TO 

1.55 

1.56 

TO 

1.60 

1.61 

TO 

1.65 

1.66 

TO 

1.70 

1.71 

AND 

OVER 

Number of cases 

17 

25 

57 

61 

57 

28 

IS 

10 

Average percentage change 
in F. A. 

+20.4 

+23.2 

+15.5 

+15.8 

+15.1 

+13.3 

+16.6 

+14.8 
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DISCUSSION - 


As previously pointed out, a comparison of the heart sizes of high alti- 
tude inhabitants with those of a population similar in every respect, but 
living near sea level, would be a desirable method of ascertaining the 
effect of chronic anoxia on the heart. However, under the circumstances, 
the measurements obtained had to be compared with those of normal 
white males. This procedure is open to the obvious objection that the 
two groups differ in more respects than merely the altitude at which 
they live. They differ in race, amount and type of work and exercise, 
nutritional status, and in other respects. It is not known exactly what 
influence these factors may have, but it is unlikely that many of them 
have a significant effect on cardiac size. The most serious error may 
well lie in our inability to take purely racial variations into account. 


Anthropometric studies on Indians have concerned themselves largely 
with externa] and skeletal measurements, and I am not aware of any 
data on the sizes and weights of internal organs. It appears probable 
that there is little variation other than the individual differences which 
are common to all races. That the Peruvian Indians used in this study 
are among the smaller Indian tribes of America can be seen from a com- 
parison of their average height with the tables of average statures for 
various tribes given by Steggerda . 4 In this respect they are similar to 
the tribes of Southern Mexico and Central America, such as the Mayas. 
It is worthy of note that Ihe ranges of stature among Indian tribes are 
comparable to those of various white groups . 4 One may, therefore, 
suggest that individual height and weight differences , 0 which are here 
taken into account, arc of much greater importance in determining heart 
size than are racial differences. This view is supported by Oomeau 
and White, s who state: “The conclusion is reached that heart size in 
normal individuals is dependent principally on body build, and that 
genetic, racial, and environmental factors are usually important chiefly 
as they affect body structure.’’ 


The observations reported here show that the heart size, as measured 
by the transverse diameter and frontal area, is significantly greater 
among native residents of high altitudes than among white persons liv- 
ing near sea level. One cannot dogmatically assert, for the reasons 
given, that chronic anoxia is the causative factor, but it seems to he a 
reasonable explanation. 

The following questions logically arise: Is this “enlargement” an 
inherited and permanent characteristic, or does it begin in infancy 
or childhood? Does it increase progressively throughout life, or even 
reach a certain degree and then cease? The figures available do not 
provide a definite answer because of lack of data on younger subjects. 


•Ungerleider :tn<] C’lark* concluded that, although .short men have an average trans- 
verse diameter of the heart which is 1 or 2 mm. greater than that predicted in their 
tables, the difference was so slight as to make any further correction for height 
unnecessary. 



KERWIN : HEART SIZE AT HIGH ALTITUDES 77 

It is to be noted that both the transverse diameter and frontal area show 
a smaller average increasein the subjects who were 17 to 19 years old 
than in subjects at other ages. Whether or not this is significant can- 
not be decided at present. Application of the chi square test to both 
sets of figures reveals that this result could well have been a sampling 
error. If one studies the percentage of eases of “enlargement” at 
various ages, the chi square test on the figures for transverse diameter 
is borderline, i.e., we are reaching the point at which chance is unlikely 
to be the cause. However, the results with frontal areas do not cor- 
roborate this. One must conclude that certain evidence of progressive 
“'enlargement” between the ages of 20 and 45 years is lacking. 

As might be expected, the subject’s surface area had no influence 
on the changes in heart measurements. 

Variations in the predicted “normal” transverse diameter had no 
effect on the percentage changes which occurred. However, in the case 
of frontal areas, there was a progressive fall in the average percentage 
change for increasingly large predicted frontal areas (see Table VII). 
This’ result, as indicated above, can scarcely be due to chance, but the 
explanation for it is obscure. 

The results of experimental studies on the effect of low oxygen con- 
centrations on the heart are of some interest. Taken eh i, G among others, 
was able to produce definite cardiac dilatation in cats by having them 
inhale mixtures of nitrogen and air. It was his impression that a large 
proportion of the change occurred in the lower degrees of anoxemia. At 
a blood oxygen saturation of 85 per cent, the heart was much dilated. 
Hilton and Eichholtz 7 showed that the state of contraction of the cor- 
onary vessels was proportional to the oxygen saturation of the blood; a 
fall of oxyhemoglobin saturation below 20 per cent caused maximal 
dilatation. While confirming, in general, these results in respect to 
coronary flow, Gremels and Starling® found that the degree of oxygen 
saturation had no influence on heart volume until it fell to 40 per cent ; 
dilatation then occurred and progressed as the saturation fell to 8.5 per 
cent. They concluded that, under anoxemia, the heart takes up oxygen by 
an augmented coronary flow and by an increased coefficient of utiliza- 
tion. In more prolonged experiments, Van Liere 0 demonstrated that, 
when guinea pigs were exposed to simulated altitudes of 14,000 to 18,000 
feet for periods up to 105 days, there was an average increase in the 
heart weight/body weight ratio of 55.8 per cent. 

It is apparent, of course, that the time element is relatively short, and 
that conclusions drawn from such experiments may not necessarily 
be applicable to human beings who have been exposed to anoxia for years 
or even generations. 

Results similar to those in animals have been obtained in short term 
experiments on human beings. Whitney 10 reported that five out of ten 
men in a low pressure chamber at varying altitudes above 14,000 feet de- 
veloped cardiac dilatation; in each case, severe symptoms of acute alti- 
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tude sickness ensued. In carefully controlled experiments, however, 
Le Wald and Turrell" produced no significant change under acute 
anoxia. 

Bancroft and others 12 dining the Peru expedition could find no con- 
sistent changes in the cardiac diameters of several of the expedition 
members; in fact, in two cases the heart appeared to be smaller. The 
observations were too few and not sufficiently controlled for any con- 
clusions to be drawn ; no data on high altitude residents were collected. 
Talbott and Dill 13 reported studies on healthy persons living at 17,500 
feet. Roentgen ograpliic facilities were not available, apparently, but 
in each case it was noted that the heart was not enlarged to percussion. 
No inferences can be drawn from this for several reasons. Percussion 
is very likely to mislead, particularly in cases of emphysema, and this 
was present in five of the six cases studied. Moreover, all of these men 
had been born in the lowlands of Chile or Bolivia, and had been resident 
in high altitudes for only two to fourteen years. In our present state 
of knowledge, one cannot regard them in the strictest sense of the term 
as “permanent inhabitants,’*' as do Talbott and Dill. 

It is perhaps not always remembered that hypertrophy in itself does 
not contribute the major portion to even a moderate enlargement of the 
cardiac silhouette. For example, an increase of 1 cm. in the thickness 
of the left ventricular wall, which, from the pathologist ’s viewpoint, 
is respectable, would not necessarily widen the transverse diameter a 
significant amount. It is therefore reasonable to assume that dilatation 
is always present when there is enlargement of the heart. In the absence 
of autopsy data, it is not possible to say how much of the “enlargement” 
in these cases was due to hypertrophy and how much to dilatation. 

The mechanism and significance of this “enlargement” are as yet 
uncertain. Hill 14 expressed the opinion that cardiac hypertrophy may 
be an “important means of acclimatization” to high altitudes. Probably 
the fundamental cause is oxygen lack, and it appeal’s likely that this 
operates directly on the cardiac muscle, which, at the altitudes in ques- 
tion, is exposed to arterial oxygen saturations of about 80 to 87 per 
cent. In spite of the adaptive mechanisms by which the cardiac fiber 
acquires its necessary supply of oxygen, such as a greater amount of 
circulating hemoglobin, dilatation of the coronary vessels, an increase 
in the coefficient of oxygen utilization, and perhaps an increase in 
cardiac muscle hemoglobin (Hurtado, et al. 15 ), it is possible that, over 
Jong periods of time, these measures are not sufficient. A permanent 
increase in the length of the cardiac fiber maj r be necessary to liberate 
the required energy, and, in time, this vmuld result in hypertrophy. 
Other factors, such as acceleration of the development of coronary 
sclerosis, may play a part. 

It has been suggested that the increased viscosity of the blood places 
an added strain on the heart, 10 and might therefore lead to enlargement. 
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There are at least two serious objections to tills theory. Allhough the 
blood viscosity of high altitude residents is much increased, the in- 
crease is due entirely to the augmented number of erythrocytes ; the 
viscosity of the serum is unchanged. As measured in vitro by an in- 
strument such as the Hess viscosimeter, the viscosity increment is much 
greater than in vivo, for the flow of the more numerous erythrocytes, 
which is responsible for the increase, is largely axial in the arterioles 
(Dill 17 ). Moreover, increased viscosity in the systemic circulation could 
operate only by raising the peripheral resistance and thereby elevating 
the blood pressure. Hypertension is not unusually frequent among in- 
habitants of high places. 

It is interesting to note that persons suffering from chronic mountain 
sickness, or Monge’s disease, nearly always have abnormally large 
hearts. This was true in five out of seven of Hurtado’s 18 cases. In 
this disease much emphasis has been placed on the hematologic changes, 
which, in some respects, resemble those of polycythemia vera. It may be 
that insufficient attention has been paid to the cardiovascular changes 
which contribute to the disability and may play an important part in 
the periodic exacerbations of the disease from which these people suffer. 

SUMMARY 

A study was made of the cardiac measurements, as ascertained roent- 
genographically, of 273 normal native Peruvian male residents of high 
altitudes. The data obtained were compared with the normal predicted 
values for white persons living near sea level. 

As judged by the transverse diameter and frontal area, the size of 
the cardiac silhouette was definitely greater in these people than in 
normal white inhabitants of low altitudes. The average increase in 
transverse diameter was 11.5 per cent, and, in frontal area, 16.3 per 
cent. In the age groups studied, no progressive enlargement with in- 
creasing age was evident. 

The possible mechanism and significance of this “enlargement” are 
discussed. It is suggested that this may be one of a variety of adaptive 
changes which occur with prolonged exposure to low concentrations of 
oxygen. 

I am indebted to Dr. H. L. Crane, chief surgeon of the Cerro de Pasco Copper 
Corporation, Oroya, Peru, for permission to use these data. 
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MYOCARDIAL INFARCTION INDICATED BY ANGINA 
PECTORIS OF EFFORT OR BY BRIEF ATTACKS 
OF ANGINA OF REST, WITH REBIARKS 
ON PREMONITORY PAIN 

William Dressler, M.D. 

New York, N. Y. 

W HEN the blood supply to the heart muscle becomes inadequate 
relative to its needs, angina pectoris develops in susceptible per- 
sons. Angina of effort (“Heberden’s angina ”) is thought, as a rule, 
to be associated with a reversible nutritional disturbance. As soon as 
the demands on the heart are decreased, the anginal pain subsides, and 
no structural damage to the myocardium results. When, however, rela- 
tive ischemia is severe and protracted, myocardial infarction takes 
place, even in the absence of complete occlusion of coronary branches. 
In typical eases, myocardial infarction is indicated by anginal distress 
more severe and protracted than that which usually accompanies re- 
versible damage of the myocardium. The pain lasts one hour, or sev- 
eral hours, or even days, and is not relieved by rest or nitroglycerin. 
It may be associated with profuse perspiration, collapse, nausea, and 
vomiting. It is followed by fever, leueoeytosis, a fall in blood pressure, 
rapid sedimentation of the erythrocytes, a pericardial friction rub, and 
progressive electrocardiographic changes. 

The outstanding symptom of myocardial infarction that usually calls 
for medical care is pain of unusual severity and duration. However, 
there are atypical cases in which the symptom of pain is less charac- 
teristic. Atypical features are said to be present in 40 per cent of the 
cases of myocardial infarction. 1 Anginal pain may be entirely absent, 
and myocardial infarction be suggested only by the sudden development 
of congestive heart failure, pulmonary edema, or severe fatigue. 2 ' 7 
Painless attacks are infrequent, however. Thorough questioning elicits 
the fact that there was some kind of anginal pain in the overwhelming 
majority of cases. 8 ’ 9 A subacute course of myocardial infarction has 
also been described, without startling manifestations in the beginning, 
and with vague symptoms and delayed electrocardiographic changes. 10 

In the great majority of atypical cases, myocardial infarction is as- 
sociated with mild anginal pain or with distress of short dura- 
tion. 1 ’ 2 ' 4> °’ 11 Herrick, 4 ’ 9 in his early reports on the clinical manifesta- 
tions of myocardial infarction, has mentioned the occurrence of mild 
attacks which, in his opinion, were more frequent and of greater im- 

Frotn the Cardiac Clinics of the Israel Zion Hospital and the Brooklyn Hospital 
in Brooklyn, N. V. 

Received for publication June 23, 1943. 
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portance than was generally realized. They are deceptive and treacher- 
ous, often ignored by patients, and neglected by physicians. The victims 
frequently overstrain their hearts and succumb to ventricular fibrilla- 
tion. Herrick stressed the necessity of studying “in what way may the 
cases be recognized more definitely” and “what are the minimum signs 


and symptoms” of myocardial infarction. 12 - 


We are still far from hav- 


ing fully answered these questions. 


In a study undertaken during the last two years, we have investigated 
the features of atypical cases of myocardial infarction with special ref- 
erence to the anginal manifestations. The occurrence, the character 
and duration, and the precipitating causes of anginal pain were ascer- 
tained by painstaking questioning. Each patient was questioned by 
myself and another physician. Such patients as gave a vague history, 
or were not intelligent enough to answer questions satisfactorily, were 
excluded from this study. The jiresent report includes sixteen cases 
in which clinical and laboratory evidence suggested myocardial infarc- 
tion, although the anginal manifestations were atypical. No history of 
a severe, protracted anginal pain of the classical type was obtained. In 
nine cases anginal pain associated with effort was the main symptom, 
and there was no angina of rest. In seven other instances the occur- 
rence of myocardial infarction was indicated by brief anginal attacks 
at rest, lasting but a few minutes, and sometimes even relieved by nitro- 
glycerin. The significant f eat u res of the atypical attacks are illustrated 
in the following case reports. 


CASE REPORTS 

Case 1. — J. B., a white man, aged 6'4 years, in February, 1932, after 
pushing his ear, suffered an attack of severe precordial pain which 
lasted several horn’s. Myocardial infarction had then been diagnosed 
in the Cardiac Clinic. Recovery from this attack was complete, and the 
patient was able to walk as many as fifty blocks without experiencing 
discomfort. 

Early in March, 1941, while walking on the street, the patient felt 
a sharp, terrific pain substemallv and radiating to the jaw. When he 
stopped walking the pain subsided. Similar attacks occurred on the 
following days. Walking a distance of two or three blocks caused pain 
in the chest. Two electrocardiograms, taken March 11 and 18, 1941 
(Fig. 1, A and B), failed to reveal significant changes; but the sedi- 
mentation rate (Westergren) was 68 mm. on March 12, 3941, and the 
leucocyte count was 11,600. The condition improved somewhat in the 
second half of March : the patient could walk a distance of six or seven 
blocks without experiencing pain, and the sedimentation rate fell to 
36 mm. 

In April, 3941, the anginal attacks again became more severe; they 
occurred even at rest, often at night, and lasted from ten to twenty 
minutes. They were promptly relieved by nitroglycerin. The patient 
had 10 to 12 anginal attacks of short duration within twenty-four hours. 
An electrocardiogram taken April 24, 1941 (Fig. 1, G ),' showed flat- 
tening of Tj, together with an increase in the voltage of T,. These signs 
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were interpreted as indicative of myocardial infarction. 13 * 15 Also, in- 
version of the T wave had developed in the preeordial lead. Although 
strict bed rest was instituted, the patient suffered, on April 30, 1941, a 
severe attack of protracted anginal pain which required the admin- 
istration of morphine. On the following day a pericardial friction rub 
was heard. An electrocardiogram taken May 1, 1941 (Fig. 1, D), 
showed inversion of T 3 and low voltage of QRS in the standard ieads. 
R 4 had disappeared, and the inversion of T 4 was more pronounced. 
Another violent anginal attack occurred May 10, 1941; it was followed 
by pulmonary edema, and the patient grew rapidly worse. An electro- 
cardiogram taken May 1.2, 1941 (Fig. 1, F), showed a downwardly 
directed main deflection and elevation of S-T in Lead I ; there were 
also a high take-off of S-T and elevation of T in Lead IV. The patient 
died May 22, 1941. 

Post-mortem examination revealed marked arteriosclerotic narrow- 
ing of the coronary arteries. The right coronary artery was almost com- 
pletely occluded by an old thrombus. The apical region of the left 
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Fi^. 1- — Case 1. Severe angina of effort since early in March. 1941. Tracings A 
and B , taken March 11 and IS. 1941, showed no significant changes. Numerous brief 
anginal attacks on rest occurred in April, 1941. Tracing C, taken April 24, 1941, 
showed flattening of Tj, with increase in voltage of Ta : also, inversion of T-a A new, 
severe, anginal attack, followed by pericardial friction rub, occurred April 30, 1941. 
Tracing D, taken the next day. showed low voltage of QRS in the standard leads 
and inversion of Ti. R» had disappeared, and inversion of T-i was even more pro- 
nounced. AnoUier severe anainal attack took place May 10, 1941. Tracing E, taken 
after two days, showed a downward main deflection in Lead I. S-T had become 
slightly elevated and fused with the diphasic T wave in Lead I. The S-T segment 
was depressed in Lead III. Lead IV showed, besides absence of R, elevation of 
S-T : Ti had become ' upright. 
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ventricle was thinned, and its muscle replaced by fibrous tissue. In 
addition, there were large areas of yellowish discoloration, with hemor- 
rhages, indicating recent infarction, in the lateral wall of the left 
ventricle and in the interventricular septum. Whitish streaks of fibrosis 
were also visible in the posterior wall of the left ventricle. 

Severe angina pectoris of effort and, later, short anginal attacks 
of rest, relieved by nitroglycerin, preceded the typical attack of myo- 
cardial infarction. The initial attacks would readily fit into the desig- 
nation “premonitory pain,” were it not for the increased leucocyte 
count and sedimentation rate which accompanied the phase of angina 
of effort, and the electrocardiographic changes during the period of 
brief anginal attacks of rest. Thus, we are led to believe that the 
“premonitory pain” indicated the onset of myocardial necrosis in a 
period of progressive coronary insufficiency which finally culminated in 
extensive myocardial infarction. 

Case 2. — E. S. was a white woman, aged 52 years. Tier father and 
uncle had died from heart disease in their early fifties. The cardiac 
complaints of the patient started suddenly on Aug. 1, 1941. While 
walking, she felt a violent substernal pain which radiated to the right 
half of the chest and right shoulder and arm. Thereafter she was un- 
able to walk, even slowly, more than one-half block without experiencing 
pain in the chest. When she rested the pain promptly subsided. No 
attacks of pain occurred during rest. The patient was first examined 
in December, 1941. There were no abnormal physical signs. The blood , 
pressure was noi-mal. The sedimentation rate, tested twice during 
December, 1941, was elevated (55 and 40 mm., respectively). The blood 
Wassermann reaction was negative. An electrocardiogram taken Dee. 
11, 1941 (Fig. 2, A), showed a shallow, inverted T 1( with upright T 2 
and T 3 . T 4 was sharply inverted. On Dec. 31, 1941, the electrocardi- 
ographic changes had parity disappeared (Fig. 2, B). T, was upright, 
but of low voltage, and the inversion of T 4 was less pronounced. After 
four weeks’ rest in bed the condition of the patient had improved little. 
Walking only one block caused pain and forced the patient to rest. 
After taking nitroglycerin the patient was able to walk two or three 
blocks before pain developed. 

This patient suffered from angina of effort, and had never experienced 
pain at rest. The increased sedimentation rate and significant electro- 
cardiographic changes pointed to myocardial infarction. The anginal 
syndrome which signalized myocardial infarction had two significant 
features. It had started suddenly; in fact, the patient remembered 
after five months the exact date when she first experienced pain on 
effort. And the complaints were of marked severity; pain in the chest 
was produced by walking a distance of only one-half block. 

Case 3. — M. S. was a white man, aged 66 years. When the patient 
was first seen in the Cardiac Clinic, on Feb. 20, 1942, he gave a history 
of anginal complaints of four years’ duration. A burning pain was felt 
substernally when the patient walked fast on level ground, or slowly 
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uphill ; the pain subsided promptly when effort was discontinued. There 
had never been angina of rest. An electrocardiogram taken Feb. 20, 
1942, showed deep Q waves and inversion of T in Leads II and III. 

This patient presented a history of angina of effort of four years’ 
duration; he had never experienced anginal pain during rest. The 
electrocardiogram showed changes that are usually associated with 
posterior wall infarction. 


• Case 10. — H. J. was a white man, aged 52 years. The fact that he 
had hypertension had been discovered ten years before. Beginning 
early in 1941, the patient experienced substernal pressure when he 
walked in the morning. In November, 1941, a subtotal gastrectomy 
was performed because of gastric ulcer: Two weeks after the operation, 
while the patient was resting in bed, he suffered an attack of substernal 
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Fig-. 2. — Case 2. Severe angina of effort had developed suddenly on Aug. 1, 1941. 
No angina of rest Tracing A, taken on Dec. 11, 1941, showed a shallow, inverted 
Ti, with upright T: and Ts. T.< was sharply inverted. B. After three weeks, Tj had 
become upright, but was still of low voltage, and the inverted T* had decreased in 
voltage. 

Case 10. Angina of effort since early in 1941. Gastrectomy was performed Nov. 
4. 1941. An attack of substernal pressure of ten minutes’ duration occurred Nov. 19, 
1941; it was followed by similar attacks on the next few days. Tracing C was taken 
on the day of the first anginal attack. It showed distinct depression of S-T in Leads 
II and III (without elevation of S-T in Lead I). There was elevation of S-T in 
Lead IV, and T-i was upright and of marked amplitude. Tracing D, taken seven 
days later, showed inversion of Ti and sharp inversion of Ti. 

Case 11. Angina pectoris of effort for four months. Two attacks of angina of 
rest, lasting about fifyen minutes, bad occurred six weeks prior to examination 
Tracing E, taken Aug. 2. 1940, showed convex S-T and late inversion of T in Lead I 
There was also sharp inversion of Ti. 
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pressure with radiation to both arms. The pain was associated with 
profuse perspiration and lasted ten minutes. Similar attacks followed 
in the next few days; none lasted longer than ten minutes. Marked 
weakness developed after these attacks. The temperature rose to 101.4° 
F. on the day after the first anginal attack. The sedimentation rate, 
which had been 13 mm. (Westergren) prior to the anginal seizures, 
increased to 31 mm. on the ninth day, and to 37 mm. on the thirteenth 
day, after the onset of the anginal attacks. Electrocardiographic ex- 
amination (Fig. 2, C and D) revealed progressive changes resulting 
in inversion of the T waves in Leads I and IV. 

This patient, who had suffered from angina of effort for a year, 
experienced, after an abdominal operation, a few brief anginal attacks 
while he was at rest, none of which lasted more than ten minutes. The 
subsequent rise in temperature, increased sedimentation rate, and 
electrocardiographic changes pointed to myocardial infarction. 

Case 11. — V. L. was a white man, aged 48 years. When he was first 
seen in the Cardiac Clinic, Aug. 2, 1940, the patient complained of 
substernal pain, with radiation to the arms, of four months’ duration. 
At the outset the pain was felt on walking and relieved by rest. During 
the preceding six weeks, however, anginal pain occurred twice at night, 
and lasted about fifteen minutes. After rest in bed for eight days the 
nocturnal attacks subsided. An electrocardiogram taken six weeks after 
the first occurrence of anginal pain of rest (Fig. 2, E) showed a con- 
vex S-T segment and a shallow, inverted T wave in Lead I, and sharp 
inversion of T 4 . 

After a period of angina pectoris of effort of four months’ duration, 
this patient had two anginal attacks during rest, neither of which lasted 
more than fifteen minutes. The electrocardiographic changes pointed 
to anterior wall infarction. 

The clinical and laboratory data in the cases which were the object 
of this study are presented in Table I. The cases can be divided into 
two groups. Group I comprises Gases 1 through 9, in -which myo- 
cardial infarction was associated with angina of effort. Group IT in- 
cludes Cases 10 through 16, in which evidence of myocardial necrosis 
was observed after brief attacks of angina of rest. In both groups 
the presence of myocardial infarction was suggested by fever and lcuco- 
cytosis or increased sedimentation rate, or by a combination of these 
signs with anginal manifestations. Significant electrocardiographic 
changes were observed in all cases but one fGaso 1). In the latter, the 
electrocardiogram was normal during the period of angina of effort, 
but the sedimentation rate was markedly increased. Significant electro- 
cardiographic changes developed a few weeks later, in association with 
brief anginal attacks of rest. Finally, there were severe and protracted 
anginal attacks which were typical of myocardial infarction: necropsy 
revealed old and recent, extensive myocardial necrosis. 

Among the electrocardiographic changes, inversion of T 4 was most 
frequent (nine eases). It was accompanied by inversion of T, in six 



DRESSLER: MYOCARDIAL INFARCTION AND PREMONITORY PAIN 87 


cases, and by a flat T x in two instances. It must be mentioned that 
in none of these eases was there electrocardiographic evidence of left 
ventricular strain ; there was no depression of S-T in Lead I, and, when 
T x was inverted, its limbs were symmetrical. In one case, the T wave 
was inverted in all of the standard leads. A deep Q wave in Leads 
II and III was observed in four instances. Progressive changes in serial 
electrocardiograms were noted in four cases. 

The electrocardiographic abnormalities and other clinical evidence 
of myocardial necrosis did not differ essentially in the two groups. 
Next to the electrocardiogram, the sedimentation rate underwent sig- 
nificant changes most frequently. A rapid sedimentation rate, vary- 
ing from 21 to 71 mm. (Westergren), was observed in nine cases. 
Leucocytosis was present in five instances. Rise in temperature was 
noticed in three cases. 

Angina of effort was the outstanding symptom in Group I; brief 
anginal attacks of rest were the prominent clinical feature in Group 
II. There was some overlapping of these symptoms, however, in the 
two groups. In two eases of Group I (Nos. 1 and 4), angina of effort, 
with laboratoiy evidence of myocardial necrosis, was followed by an- 
gina of rest, and, in one case of Group II (No. 15), angina of rest was 
preceded, in an interval of a few days, by the sudden development of 
severe angina of effort. 

Angina pectoris of effort, which was the significant symptom in 
Group I, presented certain characteristics which seem to be essential 
in the diagnosis of progressive coronary insufficiency and ischemic myo- 
cardial necrosis. The onset of pain was often abrupt; one patient 
(Case 2) remembered the exact date when she had first experienced 
pain on effort. In another case (No. 6), in which angina of effort had 
been present for some time, myocardial infarction was accompanied by 
a sudden increase in the severity of the symptoms. The patient, who 
formerly had been able to walk three blocks before anginal pain oc- 
curred, complained suddenly that walking only one-half block caused 
severe distress. At the same time, serial electrocardiograms showed 
progressive changes indicative of anterior wall infarction. In addition 
to sudden changes in the functional capacity of the heart, the absolute 
amount of effort which causes anginal pain seems to be of diagnostic im- 
portance. Seven patients in Group I reported that walking one-lialf 
to three blocks produced angina pectoris. Such greatly diminished 
coronary reserve, in our experience, is usually associated with recent or 
past myocardial infarction. 

In Group II, anginal attacks at rest were the first anginal manifesta- 
tion in three cases (Nos. 13, 14, 16). In five instances, the onset of an- 
gina of rest was preceded in intervals of one week to twelve months by 
common angina pectoris of effort. The number of brief attacks of 
angina of rest which characterized the phase of myocardial necrosis 
varied from two to twenty; they lasted from a few seconds to twenty 



Table I 

Analysis of 10 Cases op Atypical Anoinal Pain With Evidence Suggestive op 1'sciiemio Myocardial Necrosis 
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IJ niul inverted T m Leads II ami 
III, suggestive of posterior wall 
int'aretion 
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minutes. In Case 16, angina pectoris started with two brief attacks 
during rest. The serious meaning of these symptoms was not recognized, 
and the necessary rest in bed was neglected. Thereupon, marked an- 
gina of effort developed, and the patient was unable to walk one block 
without experiencing pain. This is a frequent event after myocardial 
infarction. It is remarkable that anginal attacks of rest associated 
with evidence of myocardial infarction (in Case 13) were promptly 
abolished by nitroglycerin. 

One patient in Group I (Case 1) died after new and severe anginal 
attacks had followed the development of angina of effort. Another 
patient in Group I (Case 4) died suddenly, five months after the abrupt 
onset of angina of effort. There was no fatality in Group II. 

COMMENT 

Our observations prove that angina of effort or brief attacks of 
angina of rest may be significant symptoms of ischemic myocardial 
necrosis. The practical importance of this fact with regard to manage- 
ment is obvious. Although the serious meaning of such atypical an- 
ginal attacks has been repeatedly mentioned in the literature, it has not 
been generally recognized. 

Obrastzow and Straschesko 3 reported the case of a 57-year-old man 
who had myocardial infarction (proved by autopsy) which was clin- 
ically indicated by brief attacks of angina of rest, none of which lasted 
more than ten minutes. Herrick 4 has stated that ischemic myocardial 
necrosis of slight extent is clinically often indicated by mild anginal 
pain of rest. The difficulty of differentiating “angina pectoris” from 
minor forms of “coronary occlusion” has been stressed by Smith. 3 ® 
This author advised that “coronary occlusion” be considered whenever 
attacks of angina grow more severe than usual or come on at rest. 
Boas 17 has commented on patients who are ordinarily regarded as having 
common angina pectoris, but, on close questioning, admit that their 
complaints started with an anginal attack of particular severity, lasting 
not moro than fifteen minutes. Such patients, in Boas’ opinion, have, 
at the outset, suffered structural damage to the myocardium. Pardee 1 * 
has discussed patients with electrocardiographic signs of myocardial 
infarction “who have never been subject to an attack which could have 
been due to coronary thrombosis.” Our Case 7 is an example of this. 
After having grippe, the patient experienced angina of effort, but had 
never had a severe, protracted, anginal attack during rest. Electro- 
' cardiographic evidence pointed to myocardial infarction. 

Bourne 10 observed a 61-year-old patient who, for four weeks, had 
experienced angina pectoris of effort, but not of rest; the electrocardio- 
gram showed signs of anterior wall infarction. The author concluded 
that “clinically, coronary thrombosis is suggested by severe angina of 
effort coming on suddenly and slowly diminishing from the first on- 
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set.” LeRoy and Snider 20 reported on a 49-year-old patient who had 
complained of precordial pain on effort for one week, and then suddenly 
died. Autopsy revealed old calcific occlusion of the main branches of 
the left coronary artery and “a slight softening of the apical region.” 
Parkinson and Bedford 5 have expressed the opinion that gradual coro- 
nary occlusion, leading to scattered myocardial fibrosis, is clinically 
manifested by angina of effort which becomes more frequent and more 
easily induced. According to Blumgart and his co-workers, 21 particu- 
lar care should be given to those patients “who suddenly develop angina 
of effort, mild or severe”, and also to those “who, having had angina 
pectoris, experience a sudden aggravation of their symptoms.” The 
authors hold that increased frequency and severity of anginal attacks 
denote progressive coronary insufficiency. A similar view has been ex- 
pressed by Master and his associates 22 who, in a study on premonitory 
symptoms of acute coronary occlusion, found that a sudden onset or 
aggravation of angina of effort often presaged the development of myo- 
cardial infarction. 

Various authors have reported on “premonitory pain in coronary 
occlusion.” 5 ' 22 ' 28 Myocardial infarction is often heralded by prodromal 
pain which occurs hours, days, or weeks prior to the “actual attack 
of coronary occlusion.” The premonitory pain may be mild or severe, 
and it may last a few minutes or several hours. It is mostly unrelated 
to effort and not influenced by nitroglycerin. Occasionally, sudden 
onset or aggravation of angina of effort presages the development of 
myocardial infarction. 22 ' 28 It is readily seen that the description of 
premonitory pain fits well into the picture of anginal symptoms pre- 
sented by the patients in our study. According to the authors who 
have reported on premonitory pain, the latter is distinguished from 
“coronary occlusion” by the lack of evidence of myocardial necrosis, 
such as fever, leucocvtosis, rapid sedimentation rate, and significant 
electrocardiographic changes. However, some of this evidence was 
present in the cases in our report. Moreover, careful study of the cases 
reported by others occasionally reveals the presence of such evidence. A 
conspicuous number of those patients who were subjected to electro- 
cardiographic examination during the stage of premonitory pain 
showed significant electrocardiographic changes. For instance, in two 
cases (No. 8, Fig. 2 b and No. 15, Fig. 3 b) reported by Feil, 23 there 
were electrocardiographic signs which are considered by some authors 
as indicative of myocardial infarction. 13 ' 15 In a case reported by 
Master and his associates 22 (Fig. 4), there were electrocardiographic 
changes like those attributed by the same authors to myocardial infarc- 
tion in the absence of acute coronary occlusion. 20 In Boyer’s 28 Case 3, 
there was, during the stage of premonitory pain, in addition to an in- 
creased sedimentation rate, the electrocardiographic pattern of a low 
R l with a deep S 2 and S 3 ; there was also a flat T x , with high voltage of 
T s . These signs are suggestive of anterior wall infarction. In the 
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same author’s Case 5 there were electrocardiographic signs “suggesting 
that there had. been some change in the heart muscle” during the phase 
of premonitory pain. 

Master and his co-workers 22 have stated that “premonitory pain” 
was invariably followed by “typical coronary occlusion.” However, in- 
some eases reported by Sampson and Eliaser, 23 such a sequence of events 
did not take place. In our group of cases, “prodromal pain” was only 
once (Case 1) followed by the typical clinical picture of myocardial 
infarction. Sampson and Eliaser and Master and his associates have 
stressed the difficulty of distinguishing premonitory pain from “actual 
coronary occlusion,” especially in cases in which the premonitory pain 
was severe and protracted. Our own experience and the evidence of- 
fered in the reports of others 22, 23 ' 28 suggest that such a distinction is 
often artificial. “Premonitory pain” usually indicates progressive 
coronary insufficiency, and is most often associated with ischemic myo- 
cardial necrosis which may or may not be followed, after a period of 
days or weeks, by more extensive myocardial infarction. 

Atypical anginal pain like that in the cases of our report is prob- 
ably associated with myocardial necrosis of leaser extent: it is possibly 
due to sudden occlusion of small coronary branches,'*' ” or to gradual 
narrowing of coronary arteries. 0, 21 It should be mentioned that electro- 
cardiographic changes which are often associated with massive infarc- 
tion, such as a high take-off of S-T in Lead I, absence of If,, and low 
voltage of QRS in the standard leads, were lacking in our cases. Post- 
mortem examination in eases of coronary arteriosclerosis often reveals 
the presence of small areas of fibrosis which bad escaped clinical diag- 
nosis. It is likely that the anginal symptoms in the cases of our report 
represent the clinical counterpart of these anatomic changes. 

The practical implications of recognizing the serious meaning of 
atypical, mild anginal attacks are obvious. Although it is unlikely 
that complete occlusion may be obviated by rest in bed in eases of pro- 
gressive coronary thrombosis, it is generally agreed that the deleterious 
effect of inadequate blood supply to the myocardium is reduced by 
diminishing the strain on the heart. This is particularly true when 
myocardial infarction develops in the absence of occlusion, which hap- 
pens in about 30 per cent of the cases of myocardial infarction , v> Strict 
rest in bed should be instituted whenever a sudden onset or aggrava- 
tion of angina of effort, or the appearance of brief attacks of anginal 
pain during rest, points to progressive coronary insufficiency .”' ir " 2, ‘ z 
In such cases, ischemic myocardial necrosis is often present, as is sug- 
gested by' the observations of this study. Sudden death is most fre- 
quent among cases of unrecognized my'ocardial infarction in which 
there are only' mild symptoms/' ”■ 20 Experimental and clinical 
evidence suggests that death is often due to ventricular fibrillation 
caused by reflex vasoconstriction of the coronary arteries, which is in- 
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diicecl from the infareted area. 20 Therefore, the use of vasodilators, 
such as atropine, aminophylline, and papaverin, during the early stage 
of myocardial infarction has been advised as a lifesaving procedure. 

A thorough history is of paramount importance in the recognition of 
progressive coronary insufficiency which may early result in the forma- 
tion of small areas of necrosis. One should not he satisfied with the 
plain diagnosis of angina of effort. It is indispensable in every case to 
ascertain the present and past functional capacity of the heart, i.e., the 
amount of effort that produces anginal pain. Any sudden change in 
the functional capacity indicates progress of the coronary disease, and 
this- demands complete rest in bed for at least three weeks, until col- 
lateral circulation has developed to- supplement the deficient blood sup- 
ply. 34 ’ 35 Anginal attacks during the night or after meals (in the 
absence of any additional effort) should also be considered as warning 
signals. A suspicion aroused by the history is often' supported by 
finding that the sedimentation rate is increased. This is occasionally a 
more sensitive index of myocardial necrosis, when other causes can be 
ruled out, than the electrocardiogram, 31 and “may presage a coronary 
attack by weeks and months.” 32 It is of interest that Riseman and 
Brown 33 have observed an increase in the sedimentation rate, in more 
than 50 per cent of cases of angina pectoris. They expressed the opinion 
“there is reason to believe that attacks of angina pectoris occasionally 
result in myocardial damage.” Lack of electrocardiographic changes 
should by no means be a reason for abandoning a diagnosis of myo- 
cardial infarction which is otherwise clinically well founded. In view 
of the serious dangers involved in neglecting the warning symptoms of 
progressive coronary insufficiency, I would subscribe to the advice of 
LeRoy and Snider: 20 “Suspicion rather than certainty should de- 
termine the psysician’s conduct.” 

SUMMARY 

This is a report of sixteen cases in which there was clinical and lab- 
oratory evidence suggestive of myocardial infarction, although charac- 
teristic, severe, and protracted anginal attacks were lacking. In nine 
cases, myocardial infarction was indicated by the sudden onset or ag- 
gravation of angina of effort; in seven instances, it was cliuically sig- 
nalized by brief attacks of angina of rest, lasting up to twenty minutes. 
Similar observations are quoted from the literature. 

The seriousness of such atypical anginal manifestations is often un- 
recognized, and proper management of the patients is neglected. Sud- 
den death is frequent among this group of cases. A painstaking history, 
including an accurate estimate of the functional capacity of the heart 
and a comparison, of present and past performances, furnishes the most 
significant diagnostic data. An increase in the sedimentation rate is 
often a more sensitive index of myocardial necrosis than are electro- 
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eardiographie changes. 3 jack of the latter should never be considered 
as conclusive evidence against serious myocardial involvement. 

Anginal pain like that in the eases in our report lias often been desig- 
nated as “premonitory pain,” which precedes the development of 
“actual myocardial infarction.” Our own experience and reports in 
the literature prove that “premonitory pain” is not invariably fol- 
lowed by typical anginal attacks signifying myocardial infarction. 
Moreover, “premonitory pain” is often by itself associated with evi- 
dence of myocardial necrosis. Hence, it appears that the distinction 
between “premonitory pain” and “actual myocardial infarction” is 
inappropriate. A sudden onset or aggravation of angina of effort, or 
brief attacks of angina of rest indicates progressive coronary insuffi- 
ciency, and is in the majority of cases, associated with ischemic myo- 
cardial necrosis. 
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CONTINUOUS RECORDING ELECTROCARDIOGRAPHY 

William B. Likoff, M.D., Maurice B. Rappaport, E. E., and 
Samuel A. Levine, M.D. 

Boston, Mass. 

INTRODUCTION 

D URING the past few decades electrocardiographic apparatus has 
developed very rapidly. From delicate, cumbersome instruments 
the machines have become sturdy and compact, so that, whether they 
use the original string- technique or the amplifying tube, they are now 
readily portable. None of the mechanical refinements, however, has 
made it possible to record an electrocardiogram continuously over a 
long period of time. There are important occasions when such data 
are desirable. With this in mind, a continuous recording electrocardio- 
graph has been devised. 

The nearest approach to what may be considered continuous record- 
ing is the Asher-Hoeeker apparatus, 1 which produces a fluorescent 
electrocardiographic image that fades out in less than one minute. 

. The duration of a visible electrocardiographic complex or of several 
succeeding cardiac cycles, therefore, is limited by the persistence of 
fluorescence. The Asher-Hoeeker "Cardioscope” is a useful instrument 
in many ways, but is inadequate for detailed electrocardiographic 
analysis. The gradual or instantaneous transitions, which require pre- 
cise analysis, are limited to less than a minute of observation, and 
thereafter- the image is completely lost. Furthermore, it is inconveni- 
ent, if not physically impossible, to view fluorescent electrocardio- 
grams constantly for prolonged periods of time and to describe in 
detail all that has happened. This may be partially circumvented by 
simultaneously taking short records with the ordinary electrocardio- 
graph, but gradual transitions are permanently lost, and the constant 
presence of a competent observer is required. 

DESCRIPTION OK APPARATUS* 

Some of the continuous electrocardiographic registrations may last 
as long as twenty-four hours. The ordinary instrument is incapable 
of continuously registering cardiac action potentials over such a long 
period of time because of electrical and camera limitations. We will 
first consider the camera mechanism and the problems involved. 

Camera . — At the customary electrocardiographic speed of 25 mm. per 
second, the film consumption is 300 feet per hour, or 7,200 feet in twenty- 
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four hours. As far as we know, the largest roll' of film commercially 
available is approximately 175 feet long, and not all of that roll can be 
absorbed by the exposed record container. Even if it is assumed that a 
175-foot roll of film could be run through the camera mechanism continu- 
ously, it would be sufficient for only a 35-minute record. If a camera 
were devised to accommodate the huge 7,200-foot roll of film required 
for twenty-four hours of operation, many obstacles of a serious nature 
would still be present. For example', the physical dimensions of the 
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Fig. 1. — Photograph 'of the camera mechanism with the light-proof sliding cover 

removed. 


camera would make it unwieldy. Proper lengths of film or bromide 
paper would not be commercially available except, possibly, on special 
order. The film cost would be high, and the developing, processing, and 
handling problems would be difficult. 
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It was decided that a solution to the problem would be to devise an 
electrocardiographic apparatus capable of registering the action poten- 
tials in miniature on 16 mm. moving picture film. The miniature record 
could then be studied with the aid of a photographic enlarger or pro- 
jector, which would reproduce the electrocardiogram in normal dimen- 
sions. Four-hundred-foot rolls of 16 mm. film are standard and com- 
mercially available. If a twentyfold over-all reduction is made in the 
size of the recorded electrocardiogram and in film speed, 400 feet of film 
are sufficient for 26.7 hours of eontinous operation. The effective or 
workable width of the 16 mm. film is 10 mm., for the sprocket holes con- 
sume 6 mm. Therefore, at a twentyfold reduction in the deflection 
amplitudes of the complexes, the 10 mm. working width is actually the 
equivalent of 20 cm. film with normal electrocardiographic deflection 
amplitude (one centimeter per millivolt). 



Fig. 2. — The continuous recording electrocardiograph. 

Fig. 1 is a photograph of the camera mechanism, with the light-proof 
sliding cover removed. The roll of 16 mm. film is placed in the magazine 
and threaded through the guide rollers and sprocket drive to the exposed 
film take-up reel. The sprocket is connected to a synchronous motor by 
means of a gear train. When the camera is lowered into the electro- 
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cardio graphic mechanism (Fig. 2), the gear coupled to the sprocket 
engages another gear which is directly coupled to the. synchronous motor. 
The exposed film take-up reel is connected to the sprocket by means of 
a pulley system and spring belt. A synchronous, alternating current 
motor drive is used because its speed is constant under all conditions of 
operation. The timing of the electrocardiogram is based upon the speed 
at which this motor rotates. The rotation of the motor causes the 
sprocket to rotate in a clockwise direction. This action pulls the film 
from the magazine to the exposed take-up reel past the camera opening 
and cylindrical lens assembly. The spring belt drive connecting the 
sprocket and take-up reel is so designed as to keep the film under tension. 
As a result, the exposed film winds up into a snug roll on the reel. The 
shutter control is merely a device to close the camera opening when 
carrying the camera to and from the darkroom. 

The Optical System. — Fig. 3 is a schematic sketch of the optical sys- 
tem and the other major components of the continuous recording elec- 
trocardiograph. The optical system is composed of two independent 
galvanometric channels ; one is used for recording, and the other for 
viewing and standardization. A viewing channel must be used in 
which the deflections are exactly twenty times as large as the deflec- 
tions of the recording beam, for it is impossible to judge and calibrate 
the instrument when 1 mv. deflects the recording beam only % mm. 
The optics of the recording channel are of an unorthodox design; this is • 
necessitated by the unusual and exacting requirements .of miniature elec- 
trocardiographic photography. The record must be extremely sharp and 
well defined, for the minutest flaw, when magnified twenty fold for visual- 
ization, may be sufficient to mar completely the legibility of the electro- 
cardiogram'. The cylindric or camera lens arrangement must be capable 
, of focusing the recording beam down to a slit of light 0.0005 inch in 
thickness. Furthermore, this adjustment must remain fixed for the life 
of the instrument. 

The schematic sketch (Fig. 3) indicates the manner in which the 
recording beam impinges upon the film. The recording condenser lens 
picks up a portion of the light which radiates from the incandescent 
lamp. The positioning and focal length of the condenser lens are such 
that it throws a minute image of the lamp filament through the recording 
optical slit to a point slightly behind the concave recording galvanometer 
mirror (the theoretical location of the focused image if the mirror were 
removed). In turn, the concave mirror reflects the beam of light and 
diverges it so that an image of the recording optical slit falls upon the 
front surface of the cylindric lens assembly. The latter squeezes the 
beam down to a slit of light 0.0005 inch, or less, in height; the width 
of the beam remains unchanged, and is dependent upon the degree of 
opening of the recording optical slit. 

■When a cardiac action potential is applied to the moving coil 
(d’Arsonval) galvanometer after passing through the electrocardio- 
graphic amplifier, the galvanometer coil supporting the concave mirror 
deflects that amount which is directly proportional to the intensity of the 
action potential. The motion of the galvanometer causes the 0.0005 
inch slit of light to move horizontally across the film: The combination 
of the downward motion of the film and the transverse movement of 
the slit of light produces the miniature electrocardiogram. 

The width of the isoelectric line is proportional to the opening of 
the recording slit. ; the greater the opening the wider the line. If the 
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galvanometer is stimulated by a slowly changing phenomenon, such as 
a P or T wave, the 0.0005 inch slit deviates from the isoelectric level at 
a slow rate, and the registering beam is slightly narrower than dur- 
ing the isoelectric phase (Pig. 4). The more rapid the deviation from 
the isoelectric level, the narrower the line becomes. Therefore, a QRS 
complex registers as a narrower line than a P or T wave. An in- 
finitely fast deviation, such as would occur upon standardization during 
the transition interval, with an infinitely fast galvanometer, would 
produce a registration thickness equal to that of the slit of light. 



Fik. 3. — Schematic .“Retch of the optical .system find other major components of the 
continuous recording electrocardiograph. 


It was previously mentioned that, in miniature electrocardiography, 
it is essential to focus the recording beam down to a sliver of light 
0.0005 inch, or less, in thickness in order 1o obtain good QRS defi- 
nition. To illustrate, consider a condition in which a rather short 
QRS complex of 0.06 second is registered by a slit of light more than 
0.0005 inch in thickness. At normal film speed (approximately one 
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inch per second), "the base of the 0.06 second QRS complex is equal to 

0.06 inch. In a miniature electrocardiogram, in which the over-all 

* 



Fig'. -4. — Sketch to illustrate variation in the recorded thickness of electrocardiographic 
complexes as a function of deflection speed. 


CONTACT PRINT OF ACTUAL RECORD 



Fig. 5. — A comparison of an actual tracing and the normal electrocardiogram which 
was obtained by enlarging the miniature record. 


dimensions of the complexes are one-twentieth normal in size, the QRS 
base is equal to 0.003 inch. The eylindric lens of a good commercial 
electrocardiograph will focus the light down to approximate!}' 0.004 
inch instead of 0.0005 inch. If a summation is made of the Q-R and 
R-S segments registered *by a 0.004 inch sliver of light, and we take 
into consideration that the duration of a QRS complex is not sufficiently 
short to allow for the thinning out of the lines to even 0.004 inch, the 
Q-R. and R-S segments must exceed 0.008 inch. Such registration lines 
are but a fraction of the actual duration of the QRS wave at a film 
speed of 25 mm. per second, but in miniature electrocardiography the 
base of the QRS complex is only 0.003 inch for a 0.06 second interval. 
Therefore, if a sliver of light 0.004 inch in thickness were used for 
recording the miniature graph, the thickness of the Q-R or R-S com- 
plex would be more than the actual QRS duration, and a blotch would 
result instead of a well-defined QRS complex. We have found that a 
0.0005 inch beam of light produces well-defined electrocardiograms on 
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all human beings. The finer the focus, however, the better the photo- 
graphic definition. 

Pig. 5 B is a twentyfold enlargement of the miniature electrocardio- 
gram shown in Fig. 5 A, which was made with a focal precision somewhat 
better than 0.0005 inch. In some of the subsequent figures a slight 
degree of “fuzziness” may be seen in the shorter QRS complexes. The 
slower P and T waves are unaffected and sharp. The lack of sharpness- 
in the short QRS complexes does not interfere with the correct inter- 
pretation. 

The viewing channel optical system is oi’thodox in design. The ground 
glass viewing scale is calibrated in centimeters and the instrument is 
standardized by adjusting the degree of electronic amplification so that 
the application of 1 mv. to the amplifier input circuit deflects the view- 
ing beam 1 cm. The recording and viewing galvanometers are elec- 
trically interconnected in series to the amplifier output. The recording 
galvanometer sensitivity is adjusted so that it deflects exactly 0.05 cm. 
ivhen the viewing galvanometer beam deflects exactly 1 cm. This gal- 
vanometric ratio is always a constant. 

Electrocardiographic Considerations . — The continuous recording elee- 
trocardiograpliic channel must satisfy all of the following operational 
conditions : 

1. The over-all sensitivity of the apparatus must not vary during an 
electrocardiographic run. Even slight variations in the sensitivity cali- 
bration cannot be tolerated during the longest possible recording period 
of 26.7 hours. 

2. Patient resistance, which is a variable over long periods of time, 
must not affect the operation and sensitivity of the electrocardiograph, 

3. Skin potentials must be automatically compensated, or the record- 
ing beam may drift beyond the recording limits of the camera. 

4. The isoelectric level must not be susceptible to any appreciable 
drift for the duration of the record. 

5. The apparatus must be free of internal alternating current inter- 
ference, and be capable of automatically eliminating induction effects 
from external wiring, diathermy machines, roentgen-ray equipment, etc. 

6. The instrument must be capable of operating from the house Jight- 
ing system. Batteries are not practical for continuous operation. 

7. The over-all electrocardiographic requirements must satisfy all the 
accepted standards. 

8. The electrocardiograph must be capable of functioning for the dura- 
tion of the test without the attention of an operator. 

A galvanometer that uses the Einthoven recording technique (quartz 
string galvanometer) does not satisfy requirements 1, 2, 3, 4, and 8. 
The usual tjqie of electrocardiograph amplifier and mirror galvanom- 
eter combination does not satisfy requirements 3, 4, 6, and 8. A spe- 
cially designed amplifier and mirror or d 'A rsonval galvanometric sys- 
tem had to be devised to satisfy all of the eight conditions fundamental 
to continuous electrocardiography. The characteristics of an Einthoven 
string galvanometer are not sufficiently flexible for such modifications. 

The amplifier is of the resistance-capacity coupled variety. 2 " 1 The time 
constant of the amplifier is approximately 2.5 seconds. For more than 
0.2 second the amplifier does not exhibit any decay, and thereafter the 
decay is gradual and a function of the time constant. 4 ' 0 The 0.2 second, 
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during which there is no decay, is longer than the duration, of any 
known human electrocardiographic complex. The galvanometric speed 
is approximately 0.01 second. 

. It was a difficult problem to satisfy the listed requirements and utilize 
commercial power lines as a source of energy. The average 110-volt 
power line may vary between 105 and 120 volts during a twenty-four- 
hour period, and, in addition, instantaneous variations to the extent of 
several volts are constantly occurring. These fluctuations must be regu- 
lated before application to the amplifier system, or they would register 
graphically in superposition upon the electrocardiogram. Since these 
fluctuations are several thousand times as large as cardiac action poten- 
tials, they would completely mar the record and drive the recording 
beam beyond the bounds of the camera. Likewise, the sensitivity of the 
amplifier would vary with the slow line voltage variations. These voltage 
changes were regulated to a point at which maximum fluctuations,' 
whether instantaneous or gradual, produced insignificant deviations of 
the isoelectric line and created zero changes in the amplifier sensitivity. 
This was accomplished by electronic regulation, the only known system 
capable of responding instantaneously to fast and gradual line voltage 
variations, and requirements 1, 4, and 6 were adequately met. 

The resistance-capacity type of electronic amplification satisfied re- 
quirements 2 and 3. s > G Requirement 5 was met by an automatic balanc- 
ing method which eliminates only the electrical disturbances external to 
the patient. Requirement 7 was satisfied by designing an amplifier with 
a 2.5 second time constant, a 0.2 second straight line characteristic, and 
a galvanometric speed of 0.01 second. A lead selector switch was devised 
which could select, in addition to the conventional leads, CR, CL, CF, 
and the Wilson indifferent lead. A synchronous motor was used for 
timing. 

The Enlarger . — To study the miniature electrocardiograms and to 
make photographic enlargements of sections of a continuous record, the 
instrument shown in Fig. 6 was devised. It consists of a good quality 
enlarging head, with a built-in 16 mm. film carrier and guide. The film 
which is mounted on a rewind reel is threaded through the film carrier 
and guide and then attached to the second rewind reel. The film may 
be run to and fro through the enlarging head, depending upon which 
rewind is operated. Exactly twentyfold optical enlargements must be 
made to obtain electrocardiograms with standard dimensions. To do this 
with an ordinary enlarging lens, the distance between lens and viewing 
screen or sensitized paper must be more than is customarily used in 
photographic work. Furthermore, the rewind reels and viewing screen 
cannot be separated by too great a distance, for the observer must oper- 
ate the reels and view the graph simultaneously. A reasonable distance 
between the enlarged image and the observer’s eyes was found to be 
approximately 14 inches. These qualifications were met by a system of 
mirrors. After the light leaves the enlarging lens (Fig. 6) it is directed 
to mirror A, which reflects it to mirror B, which, in turn, throws the 
image on the viewing screen or sensitized paper. Without such a system 
the_ height of the apparatus would be approximately three times as great 
and the separation between rewind reels and viewing screen would be 
increased in the same ratio. 


The microfilm operating technique is practically, identical with tha 
inquired m making ordinary photographic enlargements, or in viewim 
by means of a projector. ’ 
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Continuous electrocardiography has definite applications. There are 
certain aspects of the mechanism of the arrhythmias lhat can readily he 
studied and clarified by this method. It is often difficult to actually 
photograph the beginning and ending of such disturbances as paroxysmal 
tachycardia, fibrillation, and flutter. The very last or first complex of 
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such paroxysms may be the critical point in affording an explanation 
for the mechanism involved. Although such transitions have fre- 
quently been recorded, they generally have occurred as a result of 
deliberate manipulations, such as vagal stimulation, or the administra- 
tion of drugs. It would be valuable to have more information concern- 
ing the spontaneous changes that occur under such circumstances, and 
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these' are obtained only with difficulty except by continuous electro- 
cardiography. Even the minute and detailed effects of drugs, espe- 
cially intravenous therapy, on the electrocardiogram and on arrhythmias 
can become available for closer scrutiny. 

Other observations of a more prolonged type, in which either the 
exact rate of the heart or the changes in the electrocardiogram itself 
need to be observed, could readily be investigated. The effect of labor 
pains, or labor itself, on both the mother’s heart and the fetal rate, the 
effect of anesthesia in prolonged operations, the changes occurring dur- 
ing sleep, or during flights at high altitudes with low oxygen tension, 
and many other similar problems readily lend themselves to this study. 
Finally, it has become a matter of considerable interest to study the 
mechanism of death, especially in cardiac disease. Although records, 
have been occasionally obtained which indicate that ventricular fibril- 
lation is the terminal event in sudden death due to coronary artery 
disease, more often the tracings that have been.recorded when patients 
died were those taken after death had occurred. Furthermore, there is 
reason to believe that sudden death may be the result of an inhibition 
of contractions such as occurs in asystole accompanying Adams-Stokes 
disease, and not due to ventricular fibrillation. This problem is one 
that can be satisfactorily studied only by prolonged continuous electro- 
cardiography. 

RESULTS 

Eighteen continuous electrocardiographic tracings, from thirty-five 
minutes to ten hours in length, have been recorded. Three were ob- 
tained while a patent ductus was being ligated, and eight were terminal 
tracings taken from one to six hours before death, until there was no 
longer any evidence of cardiac electrical activity. Of these eight, 
three patients were dying of coronary thrombosis and myocardial infarc- 
tion, two of rheumatic valvular disease, and one each of constrictive peri- 
carditis, nephritis and spontaneous potassium poisoning, and pneu- 
monia. The remaining records were from patients with arrhythmias, 
and included two instances of paroxysmal ventricular tachycardia, two 
of complete heart block with typical Adams-Stokes seizures, and one each 
of auricular fibrillation, auricular flutter, and a bigeminal rhythm 
caused by ventricular extrasystoles. 

In those cases in which a patent ductus was ligated, no specific changes 
were seen in the continuous electrocardiogram which could be attributed 
to the correction of the cardiac abnormality. Transient arrhythmias and 
an increase in the amplitude of the ventricular complexes were observed, 
but these developed prior to the ligation, and were caused either by the 
anesthesia, manipulation, or change in the position of the 'heart. A typi- 
cal record is illustrated in Fig. 7. The three limb leads taken just before 
anesthesia are shown in A, while F and G are the standard leads obtained 
immediately upon, and one hour after, ligation. It is seen that the nodal 
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beats ( B ), sinus tachycardia (C), nodal tachycardia (D), variations in 
T-wave amplitude, gradual development of a small S wave, and increase 
in QRS amplitude (B to E) occurred before the actual ligation. The 
transient nodal rhythm noted in this tracing was observed in the two 
other patients with patent ductus who were studied, but the increase in 
the amplitude of the ventricular complex was seen in only one of the 
cases. 



dfjF- I- — -Continuous electrocardiograms taken during the ligation of a patent ductus 
'J s Ir L? tnan > aged 24 years. Numbers in upper right-hand corners represent 
JJSr 1 ot , tra cing: three hours and forty minutes. A, Before anesthesia; 
'-Hininutes of anesthesia; C, thorax opened; V, pericardium opened; 
hrimaf tor II ' before ligation of patent ductus; F, immediately after ligation ; G-, one 


It is apparent from this study that ventricular fibrillation may be the 
terminal rhythm when death comes gradually, for it was observed in 
three of eight cases. In each instance it could not be considered the 
actual cause of death because respirations had ceased, and, from a clini- 
cal point of view, death had already occurred. In a fourth case, ven- 
tricular fibrillation followed an intracardiac injection of adrenalin which 
was administered when there was no longer any evidence of cardiac ac- 
tivity. The sequence of events in this ease (patient was a 54-year-old 
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man who was dying of coronary thrombosis and myocardial infarction) 
is seen in Fig. S. T3ie last spontaneous ventricular contractions ( A and 
B) are followed by a period of asystole lasting for one minute and fifty 
seconds (G). The heart sounds were absent and there were no respira- 
tions. A needle was inserted into the heart (D), and a single, bizarre, 
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Figr. 8. Continuous Glcctroc&rcliog ranis (Loctd IX) obltt-incd fi'oin & man 54 vccirs 
of age, dying- of coronary thrombosis and myocai-dial infarction. Length of tracing: 
five hours and twenty minutes. A, Terminal ventricular complexes • B and C 
asystole; B, intracardiac needle inserted; E, 1 c.c. of adrenalin injected- F ven- 
tricular complexes of bizarre type; G, H, and 1, ventricular fibrillation : / final 
asystole. ' J ^ 


ventricular complex resulted. With the injection of adrenalin (E), 
ventricular impulses of a peculiar type (F) were initiated. Ventricular 
fibrillation then occurred (G, II, and I), followed by final asystole (J). 
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In the five patients who did not have auricular fibrillation, the sino- 
auricular node was the first to cease its function, but, prior to that, tran- 
tient depression and reactivation of the node were not uncommon. Fig. 
9 was obtained from a 57-year-old woman "who was dying of myocardial 
infarction. The second- and first-degree heart block (A and B), with a 
sinus rate of approximately 100, was followed by a sinus pause and sinus 
bradycardia (C and D), with a rate of only 33. This rate became more 
rapid again (E), only to slow (F) before all sinus activity finally ceased 
(G), fourteen minutes before death (II) . 



Fig:. ^-—Continuous recording (Lead I) obtained from a 57-year-old woman dying 
or myocardial infarction. Length of tracing: three hours. A, Second degree heart 
kjGCk ; first degree heart block ; C, sinus pause and A-V block ; Z> , sinus brady- 
ft' retu p 1 of second degree heart block, and more rapid sinus rate; F, slovr- 
fng of sinus rate, with 2 :X block ; C, sinus activity ceases ; If, death. 

The occurrence of arrhythmias was not unusual among those patients 
who died gradually. At times the mechanisms were most difficult to 
recognize. Variations in rhythm are illustrated in Fig. 10, which was 
recorded in the last hours of a woman, aged 28 years, with mitral stenosis 
and congestive failm-e. A change from the gross irregularity of auricu- 
lar fibrillation to a tendency to regular ventricular rhythm is seen in 
A, B, G, and D. This may have been due to either a nodal tachycardia, 
or to a peculiar regularization of the supraventricular impulses from the 
fibrillating auricles. The remainder of the tracing shows a slowing of 
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the ventricular rate (E), a change in the direction of the ventricular 
complexes (F), an intraventricular conduction defect (£?), ventricular 
fibrillation ( H and I), and death (J). 

Another feature of the continuous electrocardiogram of the dying heart 
was a temporary inversion of the T waves, which was seen for periods 
of four to nine minutes in a patient with advanced constrictive peri- 
carditis. In this instance, seven minutes before deatli the T waves be- 
came inverted and remained so until all cardiac activity liad ceased. 



Fig. 10. — Continuous electrocardiograms taken on a 28-year-old woman dying of 
mitral stenosis and congestive heart failure. A is Lead I, and the remainder of the 
record is Lead II. Length of tracing: six hours. A , Auricular fibrillation with rapid 
ventricular response; B, G, and D, possibly nodal tachycardia; E, auricular fibrilla- 
tion with slower ventricular response ; F , variations in the direction of the QRS com- 
plex ; G-, intraventricular conduction defect ; H, and I, ventricular fibrillation ; J, death. 

Fig. 11 is a tracing taken on a 59-year-old woman with complete heart 
block, right bundle branch block, and Adams-Stokes disease. Her attacks 
of unconsciousness lasted from several seconds to a minute. Fig. 11 A 


112 


AMERICAN HEART JOURNAL 


represents the patient’s usual electrocardiogram. In B and C, ventricu- 
lar extrasystoles of different types first appear. An abnormal ventricular 
rhythm begins abruptly in 1) and continues through E and most of F, 
where it terminates cpiite suddenly. This arrhythmia most probably was 
ventricular flutter, and not ventricular fibrillation, for, although the 
patient was unconscious at the time, heart sounds were audible. This 
observation is quite significant, for such curves are often interpreted as 



— Continuous tracing (Head X) obtained from a 59-year-old woman with 
complete heart block, right bundle branch block, and Adams-Stokes disease. Lenjrtb 
of tracing: 5-i minutes. A, Complete heart block. JtiRht bundle branch block; B, 
and c, ventricular extrasys'oles of different types; J>, E, and F. ventricular flutter 
(heart sounds audible throughout this period) : F, complete block. 

ventricular fibrillation, a condition which is regarded as associated with 
failure of ventricular contraction. The fact that heart sounds were ac- 
tually audible during the period of unconsciousness lends support to the 
concept that these bizarre, rapid undulations represent a mechanism that 
can well be called ventricular flutter. The above sequence of events 
recurred twenty-one times in a fifty -four-minute tracing, and the longest 
period of flutter lasted forty seconds. 
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A further interesting , experience with complete heart, block is pic- 
tured in Fig. 12. This woman was 65 years of age, and her usual apical 
rate was 32. Innumerable Adams-Stokes seizures were only partially 
controlled by the subcutaneous administration of adrenalin every four 
hours. Because of attacks of upper right quadrant, pain, apparently 
due to a diseased gall bladder, she was operated upon, and, during the 
entire procedure, continuous electrocardiographic records were taken. 
Under ether anesthesia the ventricular rate increased to approximately 
64 (A), but no further change was observed even when traction was 
made upon the liver and gall bladder, and when the gall bladder and 
common duct were, artificially distended. Midway during the operation 
her respirations became slow and shallow, and the patient was deeply 
cyanotic. At the onset of this difficulty the T waves were less sharply 
inverted (B), and when her condition was most precarious they became 
quite shallow (C-). Oxygen was administered and there was a prompt 
return of the T waves to their former configuration (D) . 



Fig. 12. — Continuous record (Lead II) on a woman 65 years of age with complete 
heart block, left bundle branch block, and a preoperative apical rate of 32, taken 
during cholecystectomy. Length of tracing: one hour and ten minutes. A, Ten 
minutes after administration of ether, and before first incision. Note sharplv in- 
verted T waves. Rate 64. B. and G. Respiratory distress. T waves become shallow 
Rate 50. D, After oxygen. T waves again sharply inverted. 


The continuous recording electrocardiograph was found to be no 
more difficult to operate than any ordinary portable machine. The re- 
quirements outlined under Electrocardiographic Considerations were 
fully satisfied. One tracing, heretofore not mentioned, was taken as the 
patient slept through the night, and no gross deviation in the recording 
beam was observed during the usual changes in body position. Several 
records were made even as the patients ate their meals. Finally, it was 
possible to use the apparatus in experimental work on intact large ani- 
mals. Developing the film, viewing, and making enlarged reproductions 
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of important sections of the records were accomplished with the facilities 
ordinarily available in the electrocardiographic laboratory of the Peter 
Bent Brigham Hospital. 

SUMMARY AND CONCLUSIONS 

1. A continuous recording electrocardiograph was devised which is 
capable of taking a miniature record one-twentieth normal size upon 
ordinary moving picture film, and of functioning for 26.7 hours with- 
out the attention of an operator. 

2. A simple enlarger was devised to view the miniature record at nor- 
mal size, and to make suitable photographic reproductions. 

3. The apparatus is as accurate and sturdy as the ordinary portable 
electrocardiograph . 

4. Several interesting observations have been noted thus far. Ven- 
tricular fibrillation has been found to follow, rather than precede, death 
in some cases. Electrocardiographic curves generally regarded as indica- 
tive of ventricular fibrillation have been observed to occur while heart 
beats were audible, and therefore are better designated as ventricular 
flutter. Attention has also been called to other transient changes in 
the electrocardiogram that could be detected only by continuous tracing. 

The authors -wish to express their thanks to Lt. M. A. Abel, M.C., for his sug- 
gestions in connection with the continuous recording electrocardiograph. 
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Clinical Report 


A RARE CASE OF CONGENITAL HEART DISEASE, WITH INTER- 
VENTRICULAR SEPTAL DEFECT, ATRETIC PULMONARY 
ARTERY, DEXTROPOSITION OF THE AORTA, BICUSPID 
RIGHT ATRIOVENTRICULAR VALVE AND 
SUPERIMPOSED SUBACUTE VEGE- 
TATIVE ENDOCARDITIS 


Myer Solis-Cohen, M.D., Jerry Zaslow, M.D., and 
Meyer H. Rolnick, M.D. 
Philadelphia. Pa. 


C ASES of complete atresia of the pulmonary artery, although rare, 
have been reported previously. 1 ** In one case the patient lived to 
be 33 years of age. 1 However, we have been unable to find any cases of 
bicuspid right atrioventricular valve in the literature. In the case 
presented in this paper there were not only complete atresia of the pul- 
monary artery, an interventricular septal defect, and dextroposition of 
the aorta, but also a bicuspid atrioventricular valve on which was super- 
imposed a subacute vegetative endocarditis. We believe this combina- 
tion is unique. 


case report 


m 

L.D., an 8-year-old Italian girl, was admitted to the Pediatric Service 
of the Jewish Hospital in Philadelphia, Oct. 27, 1942, complaining of 
dyspnea, cyanosis, swelling of the abdomen, and fever of two weeks’ 
duration. 

Family History . — The family history was noncontributory. There was 
one sibling, who was essentially normal. 

Previous Medical History . — The child was a premature baby of eight 
and a half months. She was cyanotic at birth, and always had had blue 
lips and spells of dyspnea. 

When 17 months of age she was admitted to the Memorial Hospital, 
Philadelphia,, with a diagnosis of thrush, and was discharged after 
nine days. No cardiac abnormalities were noted on the hospital chart 
at that time. 


The child seemed normal, except for her cyanotic lips and occasional 
attacks of dyspnea, but was subject to frequent attacks of coryza and 
cough. Nevertheless, she was able to play almost as actively as other 
children of the same age. 

When she was about 2 y 2 years old, the child developed cough fever 
at night, and dyspnea on walking. The cough persisted even after the 
tever had subsided. Her physician made a diagnosis of congenital 
heart disease, and sent her to the Philadelphia General Hospital where 
she remained for five weeks. ’ 
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The child had an aeule upper respiratory infection when admitted. 
Dyspnea, cyanosis, especially of the lips, a swollen face, moderate 
pallor, pale and bluish sclera, and prominent pulsation of both carotid 
arteries were noted on admission. 

The chest was asymmetrical because of a decided prominence and 
enlargement of the preeordium. A systolic thrill was felt over the 
precordium. The apex beat was felt in the sixth intercostal space in 
the anterior axillary line. Cardiac dullness extended from the left 
anterior axillary line to a slight distance to the right of the sternum. 
The heart’s action was rapid and the rhythm was normal. There were 
loud and overlapping heart murmurs which were difficult to separate 
into their components. A blowing systolic murmur was heard best in 
the mid-precordium. A diastolic murmur was heal'd at the apex. The 
aortic second sound was clear. The pulmonic second sound was ob- 
scured by duplication of the closing sound, plus other varied sounds 
heard over the precordium. 

The lungs were negative except for occasional rales at both bases. 

The abdomen was prominent, but soft and symmetrical. The liver 
was smooth, and extended 1 cm. below the umbilicus. The spleen was 
not palpable. 

There was slight clubbing of the lingers. 

The hemoglobin was 71 per cent; there were 4,650,000 erythrocytes 
and 14,000 leucocytes, of which 46 per cent were polymorphonuclear 
neutrophiles and 54 per cent were lymphocytes. 

A radiologic examination, made three days after admission, showed 
general, marked enlargement of the heart; its anterior border was 
against the chest wall. Except for the aortic knob, the heart presented 
a large, globular outline. There was slight haziness in the lungs, due 
to decompensation. The main bronchi were not visualized. 

A radiograph, taken six days later, disclosed no change in the size 
and contour of the heart. Most of the enlargement appeared to be of 
the right ventricle. In the anteroposterior view there was no displace- 
ment of the esophagus, but in the oblique view there was slight pos- 
terior displacement. 

An electrocardiogram, taken four days after admission, showed that 
the T waves were upright in Lead I and the S-T segments depressed 
in Lead II. Eight axis deviation was present, which, in the presence 
of a congenital heart condition, was regarded as suggestive of a right- 
sided lesion. 

The child gained weight rather rapidly while in the hospital, and the 
upper respiratory infection cleared up. Her general condition, how- 
ever, was not good. The child stood up and walked about her crib, but 
she was not active and her heart often seemed badly decompensated. 

The diagnosis on admission was: Congenital heart disease, with 
patent interventricular septum (?); patent ductus arteriosus (pulmo- 
nary stenosis). 

Three days after her discharge from the Philadelphia General Hos- 
pital the child was admitted to the Children’s Hospital, Philadelphia, 
with a diagnosis of bronchopneumonia complicating congenital heart 
disease. 

Three times during the following ten months she was readmitted to 
the Children’s Hospital with upper respiratory infections complicating 
attacks of cardiac decompensation. 

Two months after the last admission the child developed fever, 
anorexia, and cough, and was given a cough medicine. She seemed 
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to improve and lost her fever, but the cough became worse and dyspnea 
developed. 

She was again admitted to the Children’s Hospital, with a diagnosis 
of bronchitis and cardiac failure. At this time the heart was greatly 
enlarged, larger even than on her previous admissions. A loud, apical, 
blowing, systolic murmur was heard plainly through the chest poste- 
riorly; it "became fainter in the mitral region, where. there was a defi" 
nite, short, high-pitched, diastolic murmur. Both the liver and spleen 
were enlarged. Fluoroscopic examination at that time showed a mark- 
edly enlarged heart, ovoid in shape; the transverse diameter Avas the 
wider, and the left border approached the chest Avail. No mediastinal 
shadoAv Avas noticed on the left, but on the right an actiVely pulsating 
vascular shadoAv Avas present above the heart, parallel to the spine. 
In the center of this Avascular mass there seemed to be a shadoAv. There 
A\ r as no special prominence in the region of the pulmonic conus. 

The electrocardiogram shoAved marked right axis deviation. : 

The patient improved Avith sulfonamide therapy, but this had to be 
discontinued because of leucopenia. Two Aveeks later she developed 
nasopharyngitis, but soon improved Avith sulfonamide treatment and 
A\ r as discharged. 

The child then remained in fair health for a period of about foui- 
years, during Avliich she had no fever or cyanosis, according to her 
mother. 

Physical Examination. — Examination at the time of admission to the 
Jewish Hospital revealed an emaciated, cyanotic, and moderately 
dyspneic Avhite female child, aged 8 years and 4 months, Avith marked 
clubbing of the fingers and cyanosis of the fingers and toes. The 
pharynx Avas injected and the tonsils Avere hypertrophied and infected. 
There Avas Ausible pulsation of the veins in the neck. The left border 
of the enlarged heart Avas in the midaxillary line. The heart beats Avere 
140 a minute and regular. A loud, bloAving, systolic murmur Avas heard 
OAV31- the entire chest and back, Avith maximal intensity in the third 
left intercostal space just to the left of the sternum. The blood pres- 
sure was 90/70 in the arms, and 120/80 in the legs. There Avere- a feAv 
subcrepitant l-files at the bases of the lungs. The abdomen Avas en- 
larged. The loAver border of the liver Avas 4 cm. beloAV the costal mar- 
gin in the nipple line on the right. The spleen extended doAvn into the 
pelvis. Both organs Avere smooth and not tender. There Avas no evi- 
dence of ascites, or edema of the ankles. No peteehiae Avere seen in 
the skin, nail beds, -sclera e, or fundi of the eyes. There Avas moderate, 
generalized lymphadenopathy. The rectal temperature Avas 102° F. 
The respiratory rate was 30 per minute. 

According to Dr. Alexander Margolies, the cardiologist to the hos- 
pital, the most likely diagnosis Avas the Eisenmenger complex (ven- 
tricular septal defect, dentroposition of the aorta, and right ventricular 
hypertrophy), although the tetralogy of Fallot (the above plus pul- 
monic stenosis) Avas considered. 

Course in Hospital . — The patient’s course in the hospital Avas irreg- 
ular, but she greAv progressively Avorse. The temperature ranged be- 
tween 99° F. and 104° F., at times reaching 106° F. There Avere 
several frank chills. The radial pulse rate varied betAveen 80 and 160 
beats per minute. The dyspnea and cyanosis became worse, necessitat- 
ing the use of an oxygen tent most of the time. The patient Avas given 
digitalis to the point of tolerance. Although the patient . appeared 
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relatively comfortable at times, the signs of cardiac failure became 
more marked. Chills became more frequent. Despite constant oxygen 
therapy, digitalization, and sulfonamide therapy, the patient died Feb 
16,1943. 

Laboratory Studies . — -Urinalyses showed an acid urine with a specific 
gravity varying between 1.020 and 1.030, traces of albumin, but no 
sugar or acetone.- Microscopic examination of the urine showed a few 
leucocytes per high-power field, infrequent erythrocytes per high-power 
field, and, on numerous occasions, many hyaline and granular casts. 



FI ff . 1. 


Smears and cultures of catheterized urine specimens were always nega- 

L/k™ 10 r0 ; h °'"' Pjenolsulfoncphlhalein excretion test 

exe ret in if Jt,„ IT m . ,h “ '™- |l0, ' r specimen and JO per cent 
excretion m the two-hour specimen, the Fishberg concentration test 

twee showed a concentration up to 3.030, and the blood urea on several 
occasions failed to exceed 35 mg. per 300 c.c. of blood. Blood examl 
f nnn n riorf ll0W( ; d an avera h' e hemoglobin of 31.4 Gm. (83 per cent) 

to 8°6oo° witb 'n' 0 a r d , a leucocyte count Which varied from 5,000 
nrp 8 f M i differential count of 54 per cent neutrophiles and 46 

P1nnT^!f n | 1 ? IOCy t ' ° abnorrn ] ality oi the celis was noted on smear. 
Blood platelet counts were normal. A bone m arrow aspiration biopsv 
showed nothing abnormal Of twelve blood cultures taken during 
peaks of fevers or chills, eleven remained sterile, and one was reported 
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as showing a Gram-positive diplococeus, identification of which was 
impossible. Blood smears for malaria parasites were negative. The 
stools were reported as normal. Serum agglutination tests for typhoid 
fever, paratyphoid fever, and the Weil-Felix reaction were negative. 
A heterophile antibody agglutination lest was positive up to a 1:8 
dilution. All blood chemical examinations were negative. The blood 
Wasserraann reaction was negative. 

An electrocardiogram revealed evidence of right axis deviation (Fig. 
1). An orthodiagram disclosed an enormously enlarged heart (103 per 
cent above the predicted normal), a eardiothoracie ratio of 73 per cent, 
and a globular configuration. No prominence or pulsations were noted 
in the pulmonic area. Radiologic examination of the chest showed a 
normal diaphragm, tremendous enlargement of the heart to the left, 



Fig-. 4 . — Ahiloni'.-n. showing gross enlargement of the liver an<J spleen. 

some enlargement to the right, and considerable enlargement both 
anteriorly and posteriorly, and intensification of the vascular markings 
ni the pulmonary fields. (Figs. 2 and 3.) 

A radiograph of the abdomen revealed an enlarged liver and spleen, 
(rjg. 4. j Roentgenograms of the Jong hones failed to show any evi- 
dence or lipoid storage disease, leueemia, or renal rickets. 

POST-31 ORTKM OBSERVATIONS 

The autopsy was performed by one of us (J. Z.) two hours after 
death. I he skin was intensely cyanotic. The veins of the neck were 
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engorged. The abdomen was distended. The fingers were clubbed and 
cyanotic. There were no petechiae. 

Heart . — The organ weighed 290 Grin. The muscular tone was good. 
The color was beefy-red. The left ventricular wall measured 10 mm. 
in thickness. The right ventricular Avail measured S mm. in thickness. 
Both ventricular cavities were markedly dilated, especially the right. 
The auricular appendages contained no thrombi. The atria appeared 
normal. The mitral valve was normal in thickness and appearance. 
The right atrioventricular valve had only two cusps, a large posterior 
one and a smaller anterior one. On the anterior cusp there were a few 
vegetations covering an area of 4 mm. on the atrial surface. The vege- 
tations were polypoid (Pig. 5). There was an interventricular septal 
defect in the upper anterior portion of the septum, measuring 3 cm. 
in diameter. The aorta communicated Avith both ventricular cavities, 
and Avas markedly dilated. There Avas no pulmonary artery, or any 
vestige of such a structure (Fig. 6). The foramen oA r ale Avas closed. 
The branches of the descending thoracic aorta Avere markedly enlarged; 



Fig. 5. — This view shows the bicuspid right atrioventricular valve. On the left is 
the large posterior cusp. The indicator points to the polypoid vegetations on the 
smaller anterior cusp. v 


Lungs . — The tracheobronchial tree was congested. No pulmonary 
artery was seen entering the liilum of the lung. The pulmonary veins 
ho av ever, Avere traced back to the left atrium. There Avere numerous 
areas of atelectasis. No areas of infarction Avere seen. 

Spleen. The organ weighed 650 grams. The capsule was smooth 

The organ cut With uniform and increased resistance. On cut section' 

the pulp was intensely congested, and the follicles were distinctly 
prominent and enlarged. etiy 
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Kidneys. — Each weighed 160 grams. The capsules were smooth and 
stripped easily, leaving smooth congested surfaces. On cut section the 
parenchyma was intensely congested. The relationship of medulla to 
cortex was normal. The pelves and ureters were normal. No areas of 
infarction were seen. 

XAver. — "Weight, 1,500 grams. The surface was smooth. The organ 
cut with uniform resistance. On cut section there was a “nutmeg” 
appearance. The intervening parenchyma was pale and softer than 
normal. 

All the other organs appeared grossly normal. 

- A blood culture taken at the time of autopsy remained sterile. A 
smear and culture of the vegetation on the heart valve failed to reveal 
any organisms. No anaerobic culture technique was used for any of the 
cultures taken during life or at autopsy. 



F ip. of the* heart from above and anteriorly. The upper Indicator Is pass- 

\ n y through the Interventricular septal defect. The right ventricular cavity Is on the 
left. -Note the large aorta overriding both ventricular cavities. Note the absence of 
a pulmonary artery. The aorta Is markedly enlarged. 

Microscopic examination of the organs revealed the following facts: 

Heart: Hypertrophy and cloudy swelling. Sections of the vegeta- 
tion on the valve revealed deeply set colonies of organisms. There was 
a fibroblastic reaction beneath the vegetation. The organisms were 
gram-positive. 

Lungs: Chronic passive congestion; chronic interstitial pneumonitis. 

Spleen: Chronic passive congestion; reticule-endothelial hyperplasia; 
marked hemosiderosis. 

Kidneys: Focal glomerulonephritis; marked toxic nephrosis. 



123 


SOLIS-COHEN ET AL. : RARE CASE OF HEART DISEASE 

Adrenals : Hyperplasia of the medulla. _ 

Liver : Chronic passive congestion ; hepatosis ; focal necrosis. 

Pancreas: Chronic passive congestion. 

COMMENT 

The mechanics of the circulation when the pulmonary artery is atretic 
has been explained in previous reports as due to a compensatory en- 
largement of the bronchial arteries ; these vessels take over the func- 
tions of the absent pulmonary vessels. It would appear, then, that the 
larger the bronchial arteries become, the better is the prognosis.. This 
has been shown to be true of two patients who lived for long periods 
of time, and in whom the bronchial arteries were the size of pulmonary 
vessels. 

It is not uncommon for subacute bacterial endocarditis to involve 
Congenitally defective valves. Gelfman and Levine 5 found over 60 
cases of bacterial endocarditis in 634 cases of congenital heart disease. 
In their review of the literature, as many as 30 per cent of congenitally 
defective hearts were found to be also affected by endocarditis. The 
reason for this is unknown, and it is not our purpose to seek an ex- 
planation here. Although there was only one positive blood culture, 
and it was impossible to identify or isolate the organism, the clinical 
course suggested subacute bacterial endocarditis. This was corrobo- 
rated at autopsy, when the vegetations characteristic of the disease 
were found on the bicuspid right atrioventricular valve. In interven- 
tricular septal defects the endocarditis is more often found on the 
margins of the defect, and in one ease was found on the right ven- 
tricular Avail opposite the malformation. 6 The interventricular septal 
malformation Avas spared ; the A'ah'e Avas affected. 
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Green, H. D., Cosby, It. S., and Radzow, K. H.: Dynamics of Collateral Circula- 
tions. Am. J. Physiol. 140: 720, 1944. 


A cognate system is defined as a vascular bed, the blood flow characteristics and 
primary artery and vein of which are being studied. It includes only those arterioles, 
capillaries, and veins which received blood from the cognate artery when the latter 
is receiving blood from the aorta or from a reservoir at a pressure equal to aortic 
mean pressure while all collateral arteries are being supplied from the aorta. Col- 
lateral systems include all arteries, capillaries, and veins which communicate with 
the cognate system by pre- and/or post-capillary anastomotic channels. 

The magnitude of the exchange of blood across these anastomotic channels under 
various conditions was studied by measuring the flow of blood from a reservoir 
into the cognate artery at each of a series of pressures from 0 to above mean aortic 
pressure (a) while the collateral arteries were receiving blood from the aorta, 
and- (b) while the collateral arteries were also being perfused from the reservoir 
at the same pressure as the collateral artery. 

In experiments on the hind extremity of the dog, in which the collateral arteries 
were receiving blood from the aorta, and in which the resistance to flow in the 
arterial anastomotic channels was small in relation to that in the cognate capillary 
bed, it was observed that; (a) flow into the cognate artery at a perfusion pressure 
of 15 mm. Hg greater or less than the aortic mean pressure, differed from the 
flow through the cognate bed by 40 to 300 per cent; and (b) although the flow- 
through the cognate bed was unchanged, the flow into the cognate artery under a 
constant head of pressure provided by a reservoir, increased 40 to 1900 per cent 
as a result of fall in the pressure in the collateral arteries such as might be pro- 
duced by a decline of aortic pressure. 


The effective collateral flow is defined as the rate at which blood will flow from 
the collateral beds through the anastomotic channels and thence through the cognate 
bed immediately after occlusion of the cognate artery. Measurement of the baek- 
fion from the distal end of the cognate artery provides a rough measure of the 
effective collateral flow. A better estimate of the effective collateral flow, with 
respect to the normal flow through the cognate bed at mean aortic pressure, is given 
b- rj tio of the peripheral arterial pressure in the cognate artery, minus 20, to 
the mean aortic pressure. A still more accurate measure of the effective collateral 
flov. is obtained by recording the flow into the cognate artery while perfusing the 
cognate and collateral arteries at a pressure equal to the peripheral arterial pres- 
sure (above), and comparing this with the flow through the cognate be/1 at mean 
aortic pressure. In various portions of the hind extremity of the dog, the effective 
collateral flow varied from 9 to 85 per cent of normal flow through the cognate bed. 

Studies of the relationship of perfusion pressure to flow through the cognate 
bef mav be satisfactorily accomplished in most vascular regions by perfusing the 
collateral arteries at the same pressure as the cognate artery. However, technical 
error? are very likely to occur whenever the flow into the collateral arteries is 
extremely large, or the anastomotic communications are very prominent. 
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In the presence of prominent venous anastomotic channels, outflow from the 
cognate vein may vary from 25 to 200 per cent of the flow through the cognate bed. 

In flow studies in the distal part of extremities, the exchange of blood across 
both venous and arterial anastomotic channels may be effectively prevented by 
application of wire ligatures which tightly compress all structures except the cognate 
artery and vein and the nerves. 

Authors. 

Shipley, R. E., and G-regg, D. E.: The Effect of External Constriction of a Blood 

Vessel on Blood Plow. Am' J. Physiol. 141: 2S9, 1944. 

The effect of an external constriction of a blood vessel in limiting blood flow 
has been considered with respect to the relationships of (1) vessel bore to volume 
flow, and (2) change in external to change in internal dimensions of the vessel. 
Experiments with an artificial system and in animals have led to the conclusions 
that : 

The effect of a localized reduction in lumen area is primarily that of increasing 
the fluid friction (viscosity effect) at the site of the constriction, which results' 
in an added “ peripheral resistance” to the flow of blood and the rate of flow 
is thereby reduced. 

The extent of flow reduction will vary in direct relation to the axial length of 
the constricted area, the velocity of flow, and the viscosity of the blood, and in 
inverse relation to the peripheral resistance of the bed and the lumen area of the 
vessel constriction. Since, with an intact blood vessel, it is impossible to determine 
all, or even most, of the above factors, an estimation of the flow reduction caused 
by a given constriction will be only as accurate as the estimated values placed 
upon the determining factors. "Without the observer’s knowledge, marked changes 
in the determining factors may occur, thereby making it impossible to predict within 
rather wide limits either the immediate or subsequent effects of a known constriction. 

The findings presented here reveal no justification for the contention that a 
rather marked degree of external constriction is required to produce a significant 
reduction in flow through a vessel. 

In comparison with other external constricting devices, the tliermostromuhr can- 
not be regarded as having any less variable or unpredictable effect in limiting the 
rate of flow through the vessel to which it is applied. 

Authors. 

Koletsky, S., and Barnebee, J. H.: “Cardiac” or Congestive Cirrhosis. Pathologic 

and Clinical Aspects. Am. J. M. Sc. 207: 421, 1944. 

Livers, the seat of prolonged and advanced passive hyperemia due to heart 
failure, sometimes show diffuse fibrosis and alteration of architectural pattern. 
These may properly be designated congestive cirrhosis. However, the degree of 
fibrosis and distortion of architectural pattern are considerably less than in well- 
developed Laennec’s cirrhosis. 

The main etiological factor is prolonged and severe hepatic venous stasis. Re- 
peated episodes of decompensation favor the development of the lesion. 

. The most severe degree of fibrosis and architectural change occurred in patients 
with chronic constrictive pericarditis. The continual venous stasis in such cases 
suggests that the cirrhosis develops as a progressive process. 

Congestive cirrhosis is relatively common in patients with rheumatic heart dis- 
ease, both in those with mitral stenosis, and those with combined valvular lesions 
It is less frequent in hypertensive patients and is uncommon or rare in other etiolog- 
ical forms of heart disease. K 

The clinical aspects of congestive cirrhosis do not provide adequate data for 
ante-mortem diagnosis. 
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Mayer, C. P., Lepera, L., and Pataro, F. A.: Character of the Precordial Ventric- 
ular Complex in ECG Tracings With Deviation of the Electric Axis to the 
Eight. Eev. argent, de cardiol. 10: 245, 1043. 

Eight axis deviation and right ventricular strain have no characteristic prccordial 
load pattern. A deep S wave in all positions is often found in both cases and, 
in the latter, a negativity of T in CF,. 

Authors. 


Ash, E-, Eubin, M. I., and Eapoport, M.: Electrocardiographic Variations in Acute 

Glomerulonephritis. Am. .J. Dis. Child. 67: 106, 1944. 

An analysis of the variations in serial electrocardiograms obtained from fifty 
children ill with a first attack of acute glomerulonephritis disclosed abnormalities in 
72 per cent of the group. Abnormal variations were present in the tracings of 
86 per cent of the children with clinical signs of heart failure, and in 57 per cent 
of those with negative or questionable cardiac findings. The incidence of clinically 
recognizable heart disease and of electrocardiographic variations was greater among 
patients in whom the blood pressure was high. At all levels of blood pressure, 
abnormalities in the electrocardiogram were noted more frequently than clinical 
evidences of cardiac involvement. 

The most striking changes were observed in the T wave, consisting chiefly of 
flattening and inversion in one or more leads, although a transient increased ampli- 
tude of the T wave was also occasionally observed. Inversion of the T wave oc- 
curred late in the cycle and was not infrequently preceded, especially in Leads 
I and II, by a slightly depressed, upward bowed ST segment. Transient inversion 
of the T wave occurred as frequently in Lead III as in Lead I. The incidence of 
heart failure, however, was greater in association with inversion of the T wave in 
Lead I than in association with inversion of this wave in Lead ITT. In some 
instances isolated transient inversion of the T wave in Lead Til may have been 
related to elevation of the diaphragm and change in position of the heart. 

Authors. 


Campbell, A. M. G., Gibson, P. C., and Lane, C. E. 1.: Auricular Fibrillation 
Late in the Course of Diphtheria. Brit. Heart J. 5: 183, 1943. 

The authors recorded the occurrence of auricular fibrillation in a man, 39 years 
old, which arose during his convalescence from diphtheria. Tt lasted for 312 days, 
when it was stopped by quinidine. Except for his palpitation, it was unaccom- 
panied by any symptoms referable to the cardiovascular system. It was associ- 
ated with multiple peripheral neuritis, which preceded its onset by thirty-two 
d.ns. fhere was a family history of arteriosclerosis, and some slight evidence of 
this in the patient himself. 

Authors. 


Parsons, C. G.: Complete Auriculo-Vcntricular Dissociation With High Ventricu- 
lar Bate in Paroxysmal Tachycardia. Brit. Heart J. 5: 187, 1943. 

A case of paroxysmal auricular tachycardia is described, in which there dc- 
ve opet a spontaneous attack of A-V dissociation, with high auricular and ven- 
rjcu ar rates amounting to a double tachycardia. The condition could be partly 
n.pror ucof < unng attacks of auricular tachycardia by atropine, adrenalin, and 
c.trnn sinus pressure, the patient’s heart was otherwise normal, and no drugs 
i.i men gi.c-n. ^ t is suggested that the condition is due to a form of heart 
dock, the mechanism of which is allied to, bat not identical with, the Wencke- 
bach phenomenon. 


Author. 
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Evans, W.: Triple Heart Rhythm. Brit. Heart J. 5: 205, 1943. 

Triple rhythm is the cadence produced by the recurrence, in successive cardiac 
cycles, of three separate sounds. The chief purpose of this work has been to 
classify triple rhythm in accord with findings on clinical, radiological, cardio- 
graphic, and, sometimes, pathologic examination of the heart, in patients pre- 
senting this auscultatory sign. The investigation lias shown tlie need for discard- 
ing the terminology hitherto in use for triple rhj-thm, and adopting one that is 
based on the clinical condition and avoids any preoccupation with the mechanisms 
of the extra sound. As soon as it becomes the custom to listen specifically for a 
sound in addition to the more familiar first and second heart. sounds, triple rhythm 
will be found to be common, perhaps as common as dual rhythm in patients sent 
for examination of the heart. 

When the position of the adventitious sound in the cardiac cycle was considered 
along with the clinical state of the patient in 270 cases with triple rhythm, it -was 
possible to place them in three groups. As a rule, even under the handicap of 
fairly severe tachycardia, the position of the extra sound could be told by auscul- 
tation, aided by the clinical data, before phonocardiography was used for scien- 
tific support. 

In the first group, consisting of 205 eases and comprising 125 healthy subjects 
and 80 patients with right ventricular heart failure, the added sound was the 
third heart sound occurring in early cardiac diastole. A simple triple rhythm is 
distinguished from that due to right heart failure by regarding the site of max- 
imum audibility of the sound, the effect of posture upon the sound, and the health 
or disease of the heart. In the second group, the fourth heart sound is added 
during auricular systole and at the end of ventricular systole. There were sixty 
patients with this variety of triple rhythm. In fourteen of them, it was the out- 
come of delayed A-V conduction. In forty-six patients the extra sound appeared 
during left ventricular failure where auricular action, although probably not the 
direct cause of the sound, is essential for its production because it disappears with 
the onset of auricular fibrillation. In the third, and least important group, an 
extra sound is added in late systole. 

Triple rhythm is a common auscultatory sign, and it can be of great aid in the 
diagnosis of cardiovascular disorder. It should be sought specifically in every 
case, and when found, the position of the supernumerary sound in the cardiac 
cycle should be traced, and its significance determined in the light of clinical, find- 
ings and in accordance with some classification such as that here proposed. 

Author. 

Marshall, R.: Persistent Truncus Arteriosus. Brit. Heart J. 5: 1 94, 1943. 

A persistent truncus arteriosus was found, after death, in a boy, aged 13 years 
who had always been cyanosed and breathless, and had suffered from hematemesis 
due to esophageal varices. The cardiac murmurs had been transient; there was 
no endocarditis, and death was attributed to congestive failure. Electrocardio- 
gram,' radiogram’, and post-mortem findings are recorded. 

Author. 

Goodof, I. I., and MacBryde, C. M.: Heart Failure in Addison’s Disease With 

Myocardial Changes of Potassium Deficiency. .J. Clin. Endocrinol. 4: 30 1944 . 

A ease of primary atrophy of the adrenal cortices, in which death was caused 
by cardiac failure, is reported. Foci of necrosis of cardiac muscle were present 
m the walls of all four chambers of the heart. Similar foci have been described 
m animals which have been given large doses of desoxycortieosterone acetate or 
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-which have been fed a diet deficient in potassium. It is believed that such 
changes may play a part in producing the cardiac abnormalities occasionally seen 
in patients receiving replacement therapy in Addison's disease. 

Authors. 

Thomson, H. W., and Peil, H.: Infarction of the Lateral Wall of the Left Ven- 
tricle. Pathologic and Electrocardiographic Study. Am. .T. M. Sc. 207: 5S8, 

1944. 

Nineteen cases of left lateral infarction were found in 306 cases of myocardial 
infarcts, examined pathologically-. Of these lateral infarcts, nine were recent. 
In these recent cases, the electrocardiograms of four (44.4 per cent) showed the 
pattern described by Wood, Wolferth, and Bellet. 

Auricular fibrillation, or flutter, was found in five of these recent cases (55.5!) 
per cent). This incidence may have been greater, actually, because all of the 
electrocardiograms showed auricular fibrillation or flutter to be temporary. 

In the five recent cases without electrocardiograms diagnostic of lateral infarc- 
tion, the changes were diagnostic of jiosterior and basal infarction in three in- 
stances. The other two cases showed auricular fibrillation, and in one of these 
the electrocardiogram showed slight but not diagnostic depression of the 8-T seg- 
ment in Lead IVK. 

Two cases associated with infarction of the posterior and basal region of the 
left ventricle presented electrocardiograms dominated by the T, pattern. One case 
associated with anterior and apical infarction laid left bundle branch block. 

Seven cases of remote lateral infarction showed no characteristic pattern. 

Authors. 

Baab, W., and Soule, A. B., Jr.: Bationale and Besults of Boentgen Treatment of 

the Adrenal Glands in Angina Pectoris. Am. J. Roentgenol. 51: !<G4, 1944. 

Angina pectoris on effort, emotion, and so forth, is believed to be due, essen- 
tially, to the well-known, acutely anoxiating effect of adrenaline discharges from 
the adrenal glands upon the heart muscle, the sclerotic coronary arteries of which 
arc .unable to dilate adequately and thus to overcome the resulting myocardial 
anoxia. Clinical and experimental evidence is presented for this theory. 

The state of abnormal irritability of the adrenal secretory mechanism which 
was found to be a characteristic of angina patients could be abolished through 
roentgen irradiation of the adrenal region without ensuing damage to the basic, 
normal function of the glands. This was demonstrated objectively by quantila- 
the chemical hormone determinations in the blood before and after treatment, 
arid by the normalization of pathologic electrocardiograms. 

Of forty-two typical angina patients treated in Burlington, Vermont, with 
irradiation of the adrenal region, 74 per cent were either completely- freed of 
their anginal complaints or, at least, improved for periods ranging between live 
and forty -five months with an average of two years up to the present. 

Nine of the eleven unimproved patients had not received three series of roent- 
gen treatments, and thus cannot be considered as definite failures. 

No untoward side effects were noted except short episodes of nausea in a 
few cases. 

Death occurred in seven out of the forty-two patients treated during the past 
four and one-half years. 


Authors. 
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Cassels, D., and Steiner, P.: Mycotic Endocarditis: Report of a Case With 

Necropsy; Review of the Literature. Am. J. Dis. Child. 67: 128, 1944. 

Studies of a sufficient number of cases of mycotic endocarditis are available to 
indicate that this condition represents a subdivision of the general category of sub- 
acute bacterial endocarditis. Frequently, as in bacterial endocarditis, valvular 
lesions from other infections are present previous to the onset of the endocardial 
infection. The clinical course appears to be indistinguishable from that of sub- 
acute bacterial endocarditis, and the laboratory findings, with the exception of 
blood cultures, are similar. In cases where the clinical findings suggest' the diag- 
nosis of subacute bacterial endocarditis, it is obvious that unusual organisms present 
in blood cultures should not be casually dismissed as contaminants, especially if 
these are present in repeated cultures. Likewise, negative blood cultures suggest 
the use of special mediums and especially long periods of incubation. 

As interest in mycotic infection in man increases, it seems likely that mycotic 
endocarditis will be found to be more common than a survey of the literature in- 
dicates and that the variety of organisms responsible for the infection will be 
found to be diverse. 

The case reported by the authors raises the question whether adequate treatment 
with sulfonamide compounds may not be of value in treatment in some instances 
of mycotic .infection. 

Authors. 


Feldt, R. H.: Sulfanilamide as a Prophylatic Measure in Recurrent Rheumatic 

Infection. A Controlled Study Involving 131 “Patient-Seasons.” Am. J. M. 

Sc. 207: 483, 1944. 

Sulfanilamide in small, daily doses was given to rheumatic children in the Cardiac 
Clinic of the Milwaukee Children’s Hospital during the autumn, winter, and spring 
of 1941-1942 and 1942-1943. Altogether, eighty-nine patient-seasons were repre- 
sented in the treated group and forty-two patient-seasons in the control series. 
No rheumatic recurrences appeared among the children who took sulfanilamide. 
There were three (7.2 per cent) major and minor recurrences among control patients. 
Questionable rheumatic episodes were observed with greater frequency in the control 
group. The incidence of positive beta hemolytic streptococcus throat cultures was 
approximately the same in the two groups. Manifestations of sulfanilamide toxicity 
were neither frequent nor severe. Sulfanilamide is recommended as a relatively 
safe and effective prophylactic measure against recurrent rheumatic infection. 

Authors. 


Shank, R. E., Cobum, A. F., Moore, L. V., and Hoagland, C. F.: The Level of 
Vitamin A and Carotene in the Plasma of Rheumatic Subjects. J. Clin. In- 
vestigation 23: 289, 1944. 


The level of vitamin A and carotene in the plasma is related to the intake of 
vitamin A in the diet of rheumatic subjects. 


Irrespective of the concentration prior to the onset of disease activity, there 
is a fall in the level of vitamin A in the plasma rvith the development of acute 
rheumatic fever. The concentration of carotene in the plasma is not significantlv 
changed during rheumatic attacks. 


The degree of decrease of vitamin A in plasma varies directly with the intensity 
of the rheumatic attack. In severe attacks, concentrations in the plasma variec 
between 0 and 70 I.TL of vitamin A per 100 c.c. plasma. 

Patients with rheumatic fever show delayed or decreased absorption of vitamir 


A, or metabolize it in an abnormal manner. 


Authors. 
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Auerbach, O., and Stemmerman, M. G-.: The Development of Pulmonary Tuber- 
culosis in Congenital Heart Disease. Am. J. 3T. Sc. 207: 219, 1944. 

A study has been made of thirteen patients who had congenital heart disease 
and contracted pulmonary tuberculosis. Upon seven of tlsc.se patients post-mortem 
examinations were performed. The most common congenital defect was pulmonary 
stenosis, which was present in all cases which came to autopsy, implying a certain 
predisposition of these patients to tuberculosis. 

A composite picture of the typical ease, including clinical, physiologic and 
pathologic studies, has been presented. From this material it may be concluded 
that the pulmonary tuberculosis runs a course typical of that disease, irrespective 
of the cardiac lesion. The functioning of the defective cardiac system is affected 
very little by the superimposed respiratory infection. 

In view of this observation, together with the fact that these patients succumbed 
to pulmonary involvement rather than failure of the defective cardiovascular system, 
active treatment of tuberculosis is recommended. Pneumothorax induced in 5 of 
the patients did not lead to congestive heart failure in any instance. The importance 
of other surgical forms of collapse therapy for these patients has been discussed. 

Authors. 


Howell, T. H.: Heart Failure in the Aged. Brit. Heart .T. 6: 20, 1944. 

The causes and forms of heart failure in seventy-five old persons are described. 

The commonest causes of failure were high blood pressure, disease of the cor- 
onary artery, and myocardial toxemia. 

In 13 per cent of the cases, the cause of heart failure remained uncertain after 
repeated clinical examination. 

The occurrence of "forward” heart failure, with peripheral ischemia is de- 
scribed, and the importance of arteriosclerosis in producing circulatory' failures is 
stressed. 

Author. 

Sensenbach, W.: Effects of Unilateral Nephrectomy in Treatment of Hyperten- 
sion: An Evaluation. Arch. Int. Med. 73: 123, 19 44. 

Only five of the seventy-five eases of hypertension taken from the literature meet 
the requirements for cure after nephrectomy. Approximately one-third of the pa- 
tients had a fall in blood pressure in normal levels, but had been followed for less 
than two years at the time their cases were reported. One-third had a reduction 
in blood pressure, but remained hypertensive, while in one-third the blood pressure 
was unchanged or increased in severity. 

The most common pathologic condition in the removed kidneys was chronic 
pyelonephritis. 

A two year follow-up period is necessary before hypertension can be considered 
cured by nephrectomy. 

Oases in which unilateral nephrectomy' is indicated for hypertension are rare, 
and there is need for more careful selection of such cases. 

Hie removal of a kidney, if it retains any function at all, is likely to increase 
the severity' of the hypertension, rather than to improve it. This is true even 
though the function of the opposite kidney' is entirely normal. 

The usual tests of renal function may at times he unreliable, and in the light 
of this fact, special care and consideration must be given to evaluation of the func- 
tion of each kidney before nephrectomy is performed. 

The age of the patient and the duration of the hypertension are additional 
factors of importance in the selection of suitable cases for nephrectomy in the 
treatment of hypertension. 


Author. 
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May, J.: The Frei Reaction in Arteriopathies of the Lower Extremities. Rev. 

argent, de cardiol. 10: 257, 1943. 

The Frei reaction, which is considered by the author as specific for poradenitis, 
was tested in patients with arterial diseases of the lower limbs. It is recommended 
to use 0.1 to 0.3 e.c. of a good antigen, so that cases with slight allergy do not 
escape detection. 

Twenty-two patients were studied : two with a history of syphilis were Frei 
positive. Of the other twenty, without syphilitic antecedents, eleven had Buerger’s 
disease and, of these, seven were Frei positive; and nine had arteriosclerosis oblit- 
erans. Two of these were senile and Frei negative; the other seven (ages between 
39 and 60 years) were Frei positive. 

Treated with sulphamides (2 grains per day) and emetic tartrate (0.02 grains 
on alternate days) complete reintegration was obtained in the two syphilitic patients. 
In the thromboangiitis obliterans cases two were cured, a few were improved, and 
the treatment failed in others. In four cases of arteriosclerosis obliterans a slight 
improvement was obtained. 

Author. 

Sheehan, J. F.: Foam Cell Plaques in the Intima of Irradiated Small Arteries. 

Arch. Path. 37: 297, 1944. 

An uncommon, or, at least, rarely described, lesion of small arteries (100 to 
500 microns in external diameter) has been observed in several irradiated organs. 
The lesion consists of a plaquelike thickening of the intima, due to a collection 
of foam cells alone or of foam cells mixed with various other cells, fluid, fibrin, 
or hyaline material, between the endothelium and the internal elastic membrane. 
Pathologic changes may be found in the adjacent internal elastic membrane, 
media, and adventitia, but these structures are often normal. The plaque may 
cause marked narrowing, or even occlusion, of the lumen of the vessel. Throm- 
bosis, fibroblastic proliferation of the intima, or deposition of elastic tissue in the 
thickened intima seldom result. 

These foam cell plaques have been found in the arteries of organs subjected to 
roentgen therapy only, radium therapy only, or to both combined. 

The plaques probably result from migration into the intima from the blood 
stream of lymphocytes and monocytes and subsequent transformation of these into 
foam cells by their ingestion of lipids which have been freed by' the dissolution 
of fed cells in the intima, or which have accumulated in the intima after passage 
across portions of the endothelium rendered more permeable than normal by' 
irradiation. 

The foam cell plaques in irradiated small arteries closely resemble the earlv 
lesion of atherosclerosis. 

Author. 

Dalton, J. W., and Nuzum, F. R.: The Effect of Sodium Thiocyanate on the 

Pressor Action of a Renin-Like Substance. Am. J. Physiol. 141: 415 ; 1944. 

By subcutaneous injection dr by mouth, sodium thiocyanate will minimize the 
pressor effect of unit amounts of a renin-like substance when injected intraperi- 
toneally into normal and sensitized rats. 

There is some indication that sodium thiocyanate does not act directly to per- 
form this function but that it may activate some other mechanism in the body 
which is not so- easily dissipated as sodium thiocyanate and which will continue 
to eliminate the pressor effect. 
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Original Communications 


MEASUREMENTS OF THE CIRCULATION IN A PATIENT WITH 
MULTIPLE ARTERIOVENOUS CONNECTIONS 

J. Allen Kennedy, M.D., and C. Sidney Bun well, M.D.* 

Boston, Mass. 

INTRODUCTION 

T HIS communication presents observations on the circulation of a 
young man with multiple arteriovenous fistulas in his forearm; 
It deals with the heart rate, the arterial blood pressures, the venous 
blood pressures, the volume of the arm containing the fistulas, the 
oxygen content of arterial and venous blood, the circulation times, 
the oxygen consumption, the blood volume, the output of the heart, 
the volume of blood flowing through the fistula, and the work of the 
heart. Some of the observations are not new, and serve only to con- 
firm well-established facts. Others, however, deal with aspects of the 
circulation which have not been thoroughly studied in human beings with 
this disorder of the circulation. Particular attention is directed to the 
cardiac output and the total blood volume. 

Several instructive investigations of the circulation in eases of 
arteriovenous fistula have been recorded: Reid; 1 ’ 2 Lewis and Drury; 3 
Harrison, Dock, and Holman; 4 Holman; 5 ' 7 Ellis and Weiss; 8 Laplace; 9 
Gibbon and Churchill; 10 Reid and McGuire; 11 McGuire, ITauenstein, 
Stevens, and Sharretts; 12 and others. Some of these articles, which 
bear particularly on the cardiac output or the blood volume, may be 
considered briefly. 

Lewis and Drury 3 observed a man with a right-sided femoral arterio- 
venous fistula. They found no change in the general venous pressure 
upon opening and closing the fistula, and their plethysmographic ob- 
servations indicated that, upon compression of the fistula, there was 
an increased flow of blood to both the left arm and left leg. These two 
observations were used as evidence for their conclusion that the output 
of the heait lemained practically unaltered, whether the communica- 
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tion was open or dosed. To quote: “To sum up. it seems to be an 
unavoidable conclusion that the sole change of importance occurring 
in the circulation of blood on closing the arteriovenous aneurysm was 
that that portion of blood, hitherto passing through the aneurysm di- 
rectly to the vein, was now directed to the capillaries, and through 
these reached the veins; and that by this mechanism the tilling of the 
veins and the output of the heart were maintained at what was prac- 
tically a constant point.” - 

Lewis and Drury 3 also recorded observations made on dogs with 
surgically produced arteriovenous fistulas. They found that femoral 
vessel anastomosis “is apparently without influence upon the general 
venous pressure. When the iliac vessels were used the venous pressure 
may or may not change.” The maximum rise observed by them was 
,9 mm. of water. They measured the output of the heart by a recording 
ventricular volume apparatus, and found increases in cardiac output 
only in those eases in which rises of venous pressure were observed, 
that is, only when there were anastomoses of larger vessels. They con- 
cluded that cardiac output and venous pressure run hand in hand. 

Harrison, Dock, and JJolman, 4 using the “direct Kick” method, pre- 
sented evidence that, with surgically produced arteriovenous fistulas in. 
dogs, the cardiac output was increased by the presence of the fistula. 
All four of their dogs had an increased output after the production of 
the fistula, and these outputs again approached their preoperative 
levels after closure of the fistula surgically. When the fistula was 
open the cardiac output was increased by almost 100 per cent. 

Gibbon and Churchill 10 induced arteriovenous fistulas in cats for the 
purpose of studying the increased volume flow of blood through the 
lungs. They used the Pick method, and found the output of the heart 
increased on opening the fistula. The increase varied from 24 per cent 
to 59 per cent in five different cats. 

GJey and Gomez 13 made observations on one dog, using the carbon 
dioxide, arteriovenous difference, and the Pick principle, and found 
the cardiac output approximately doubled with the fistula open. 

Reid and McGuire 11 studied the effects of large fistulas between the 
abdominal aorta and the vena eava in dogs. The cardiac output, meas- 
ured by the direct Pick method in three dogs, was increased over 300 
per cent (average) in acute experiments. The blood volume was 
measured, and. they concluded, “our studies, thus far. fail to confirm 
the observations of Holman and others, who have reported a large in- 
crease in the blood volume in cases of arteriovenous aneurysms.” 

In addition, they found that the circulation time, measured by the 
sodium cyanide method, was longer than usual if a vein distal to the 
fistula was used, and shorter than usual if one proximal to the fistula 
was utilized. The flow of blood through the verm eava. as measured by 
a Venturi meter, was greatly increased by the presence of a fistula. 
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, McGuire, Ilauenstein, Stevens, and Sharretts 12 reviewed and evalu- 
ated most of the evidence concerning the circulatory changes caused 
by arteriovenous fistulas. They point out that there is good agreement 
on many of the observations, but that several points are still contro- 
versial, and among these are the changes in cardiac output, blood vol- 
ume, and the venous pressure proximal to the fistula. 

The cardiac output in the presence of an arteriovenous fistula has 
been measured in human beings by several workers. Ellis and Weiss 8 
recorded observations made with the acetylene method of Grollman. 14 
Their results indicated no considerable change in cardiac output, but 
the authors carefully point out the possibility that recirculation may. 
have occurred during the rebreathing period, and that their figures for 
the output when the fistula was open may be too low. 

Smith, 15 using the method of Field, Bock, Gildea, and Lathrop,. 16 
realized that the factor of recirculation was important, and conse-/ 
quently obtained gas samples within twelve to fourteen seconds in an' • 
attempt to minimize the effect of recirculation. 17 Pie made twenty- 
three cardiac output determinations over a period of three months on 
a patient with a femoral arteriovenous fistula who also had congestive, 
heart failure and hypertension. Before surgical elimination of the 
fistula the cardiac output averaged 8.95 liters per minute. During the 
two weeks after the operation the cardiac output averaged 3.76 liters 
per minute. Two months after operation, when the signs of the fistula 
had reappeared, the cardiac output averaged 6.77 liters per minute. 

Laplace 9 recorded observations on a patient with a femoral arterio- 
venous fistula and moderate heart failure. He used the Starr and 
Gamble 18 modification of the ethyl iodide method in making determi-* 
nations of the cardiac output with the fistula open and closed. He also, 
utilized the acetylene method of Grollman for determinations of the 
output with the fistula closed. With the fistula open he found that 
the average cardiac , output was 5.15 liters per minute (cardiac index, 
2.64) ; with the fistula closed by compression, the average cardiac out- 
put was 4.13 liters per minute (cardiac index, 2.12). After operation 
for elimination of the fistula the average cardiac output was 3.91 liters 
per minute (cardiac index, 2.02). He concludes that an increased 
minute volume is a compensatory mechanism Avhen the leak is of signifi- 
cant size and the heart is sufficiently competent. 

Horton, 19 in a brief communication, stated that the cardiac index 
was higher than normal by the acetylene method. The factor of re- 
circulation Avas not mentioned. 

In' measuring the cardiac output the factor of recirculation is of 
sufficient importance to cast doubt on results obtained by the acetylene 
method unless certain precautions are observed. Those obtained by the 
ethyl iodide method seem acceptable. 

Tliei e ai e seA r eral reports of obseiwations on the blood volume in 
the presence of an arteriovenous fistula. The blood volume Avas investi- 
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gated by Iiolman' 1 in dogs. By the method of Hooper, Smith, Belt, 
and Whipple, 20 he found the blood volume considerably increased in 
the presence of large, surgically produced, arteriovenous fistulas. He 
concluded that the increase in blood volume roughly followed the size 
of the fistula. Ellis and "Weiss 8 found that the blood volume was within 
normal limits in a patient with a femoral arteriovenous fistula; they 
used the Keith, Itowntree, and Geraghty technique. 21 

In a more recent report, Holman 7 found that the blood volume of 
two young dogs was increased 250 e.e. and 590 e.c., respectively, as 
compared with a litter mate control, at an interval of about three 
months after the establishment of large fistulas. From the protocol 
it seems possible that the dog with the largest increase in blood volume 
also had congestive heart failmre. Blood volume determinations on 
several patients before and after operative closure of the fistula showed 
a consistent drop after operation. The method by which the blood 
volume was estimated is not mentioned, although a dye method was 
used. He believes that the increase in blood volume is in proportion to 
the increase in the vascular bed caused by the fistula. 

Reference has been made earlier to the work on blood volume done 
by Reid and McGuire, 11 and by McGuire, Jlauenstein, Stevens, and 
Sharretts. 12 Gibson and Evans 22 have pointed out the difficulties in 
blood volume determinations involving the use of red dyes which many 
of these methods employed, and Kennedy and Millikan 24 and Greger- 
sen, Gibson, and Stead 23 have summarized these difficulties. 

The study of our patient adds to this available information regard- 
ing changes in cardiac output, blood volume, and other dynamic 
.aspects of the circulation. 

REPORT OF THE PATIENT 

A 19-year-old boy entered the surgical service of the Peter Bent Brig- 
ham Hospital in May, 1936, complaining of an enlarged left forearm. 
Ten years before, at the age of 9 years, he had fallen out of a swing and 
bruised his left forearm. During the several weeks after the injury the 
arm was greatly swollen, and, soon afterward, large, dilated veins began 
to appear near the site of the injury. (It is not known whether the sub- 
cutaneous tissue was discolored at the time of the injury.) The veins 
became more prominent and the left forearm larger during the succeed- 
ing years. This change was associated with a sense of heaviness and 
awkwardness, but with no muscular disability. 

On physical examination the only abnormalities were those observed 
in relation to the left arm and the cardiovascular system. The left fore- 
arm was markedly enlarged; the circumference measured 8 cm. greater 
than the normal arm. The veins of the forearm were tense and greatly 
dilated, and were most prominent over the extensor surface, where they 
formed a tortuous venous plexus which pulsated, both visibly and 
palpably. The pulsation was synchronous with the radial arterial pulse. 
There were both a continuous thrill and a loud continuous murmur over 
the dilated plexus of veins and in the antecuhital fossa. Both thrill and 
murmur were accentuated with each systole, and both ceased abruptly 
when the brachial artery above the elbow was occluded. 
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The heart rate was somewhat rapid and a soft systolic murmur was 
present over the precordium. This murmur could be traced outward 
along the course of the left brachial artery to the region of the distended 
veins, where it was found to be inseparable from the systolic phase of 
the murmur described as heard there. This precordial murmur, in spite 
of its location, was considered to be an extracardiac, transmitted mur- 
mur, and not generated within the heart. The heart was not enlarged, 
and there were no signs of cardiac failure or even of limitation of cardiac 
reserve. The vital capacity was 4,650 e.c. 



Fig. 1.— Infrared photograph of right and left forearms, showing relative size and 

venous distension. 


There was' no anemia, the urine was normal, and the blood Wasser- 
mann reaction was negative. 

_ A photograph of the left forearm, showing its size (relative to the 
right) and the visible veins on its surface, is shown in Fig. 1. Arterio- 
grams of the affected vessels are shown in Fig. 2. 

The signs were those of a large arteriovenous connection, and this 
diagnosis was made. As will be seen, many of the special measurements 
gave support or added detail to that diagnosis. 
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. OBSERVATIONS ON THE CIRCULATION 

These measurements will be described under the following headings: 
fa) heart rate, (b) arterial blood pressure, fc) arm volume, (d) blood 
volume, (e) venous blood pressure, (f) circulation time, (g) oxygen con- 
tent of the blood in the veins, and (h) cardiac output. The observations 
were made by accepted methods f which will be mentioned) and, unless 
otherwise stated, under so-called “basal” or “standard” conditions. It 
was hoped that it might be possible to study these functions both in the 
presence of the fistula and after its cure by operation, but, unfortunately. 



Fie. 2. — Arteriogram, j-ljovrion prompt entrance of opaque ku b~t:tnc<- into venour 

plexus. 

the patient turned out to have multiple fistulas of the left forearm, and 
several operations have not restored to integrity the circulation in this 
arm. Therefore, most of the observations refer to the situation as it was 
when the patient fust came under observation. 

a. Heart Rate: The average basal heart rate before operation was 82 
per minute: on several occasions it fell below 80 per minute. Sudden 
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closure of the fistula (compression by inflation of a blood pressure cuff) 
was followed by immediate slowing of the heart rate by an average of 
18 beats per minute (from 14 to 23 on separate observations). It was 
found that rather vigorous carotid sinus stimulation on the right side 
was followed by slowing of the heart to approximately the same rate as 
that following closure of the fistula. Stimulation of the left carotid 
sinus elicited no such response. Simultaneous stimulation of the sinus 
and closure of the fistula were followed by the same degree of slowing of 
the heart rate as either one performed separately. 

Electrocardiograms taken under basal conditions were normal. Trac- 
ings taken after closure of the fistula and after carotid sinus stimulation 
showed slowing of the rate, but no change in the form of the complexes. 
Slowing of the heart rate upon closing the fistula was observed after 
exercise as well as under basal conditions, the only difference being that, 
the slowing was of lesser extent. 

b. Arterial Blood Pressure (at rest and recumbent) : Before the first 
operation the blood pressure was 110/0 in the left arm, 102/60 in the 
right arm, 124/82 in the right leg, and 12S/78 in the left leg. These 
values represent averages of several measurements. After quickly clos- 
ing the fistula by occluding the left brachial artery (mercury manometer 
at 160 mm.), the diastolic pressure in the right arm was elevated 10 to 
15 mm. The systolic pressure usually was elevated only a few mm. 
under these circumstances. 

c. Aim Volume : The volume of each forearm and hand was measured 
by its displacement of water. It was found that the volume of the left, 
forearm was greater by 595 c.c. (average of two measurements) . A large 
part of the increased volume was probably due to blood in the overfilled 
veins. 

d. Blood Volume: The circulating blood volume was ascertained by 
the method of Gibson and Evans* 22 (see also Gibson and Evelyn 23 ). This 
method employs a blue azo dye and is more accurate than the red dye 
method. The results of the blood volume measurements are shown in 
Table I. Before the first operation the total blood volume was 6,770 c.c. 
According to the data of Gibson and Evans, 20 the theoretical normal 
blood volume of this patient was 5,475 c.c. His blood volume was there- 
fore 24 per cent -greater than the expected normal. After the operations 
his blood volume fell to about 5,800 c.c., which is about 6 per cent greater 
than the theoietical normal. Six months later it was again observed at 
this level, but during the following five months it fluctuated, reaching 
the preoperative level twice. We are not able to offer an explanation 
for the fluctuations in volume. It is to be noted that the fistula was 
never permanently closed, although there were times after operation 
when the thrill and murmur were considerably lessened. 

e. Venous Blood Pressure: The venous pressure was measured by 
the dir ect method of Lyons, Kennedy, and Burwell. 2 ' A small amount 


*We are indebted to Dr. J. G. Gibson II and Dr willing a 
cooperation m making these measurements of thfe blood vofume * " for the 
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of procaine was used to anesthetize the tissues overlying the vein be- 
fore each measurement. The zero point of the manometer was set 10 
cm. anterior to the skin of the back with the patient lying flat on 
his back. With the fistula open the pressure in the right antecubital 
vein was 95 mm. of water, and in the right femora! vein was also 95 
mm. Occluding the fistula for several minutes had no measurable 
effect on the pressure in the right arm and leg veins. 

Table 1 

Observations on the Blood Volume and Related Bata 



TOTAL 
BLOOD 
VOLUME 
(C. C.) 

PLASMA 

VOLUME 

(C.C.) 

HEMATO- 

CRIT 

PER CENT 
CELLS 

AVERAGE 
or 3 OR 4 
SAMPLES 

BODY 

WEIGHT 

(KG.) 

SURFACE 

AREA 
fSQ. M.) 

AVERAGE 

NORMAL 

TOTAL 

BLOOD 

VOLUME 

(<:.<•/) 

PER CENT 
OP NOR- 
MAL 

TOTAL 

BLOOD 

VOLUME 

5/21/30 

6/ 4/36 

0,770 
First o 

4,000 

'(oration 

40.9 

05.8 

1.84 

5,4 75 

+24 

10/ 1/36 
10/7 to 24/36 

5,850 

Second 

3,215 

operation 

45.1 

(series) 

05.3 

1.84 

5,475 

-7 

12/23/36 

5,770 

3,325 

42.4 


1.84 

5,475 

•o' 5 

4/15/37 

0,120 

3,500 

42.8 • 

■ 

1.88 

5,050 

-8 

4/29/37 

7,020 

4,070 

41.9 

■tin 

1.88 

5,050 

+24 

6/ 9/37 

0,040 

3,340 

44.7 

07J) 

1.80 

5,550 

-9 

9/10/37 

0,880 

3,550 

48.4 

07 .5 

1.80 

5,550 

+24 


*Data for normal blood volume from Gibson and Evans . 95 


In the left arm (the one containing the fistula ) the pressures were 
elevated. In veins of the dilated plexus on the dorsum of the forearm, 
pressures of 295 to 455 mm. were observed. There was a marked pulsa- 
tion in these veins that was transmitted to the fluid in the manometer, 
where an oscillation of about 5 rnm. was seen ; the increase in pressure 
was synchronous with the radial pulse. In other veins a short distance 
from the dilated plexus the pressure was 175 mm., and in veins on the 
aim several centimeters proximal to the elbow, still more distant from 
the dilated plexus, the pressure was 120 mm. Thus, there was a fall 
in the pressure with increasing distance away from the fistula (big. 3). 

In order to ascertain whether the elevation of pressure in the abnor- 
mal arm was caused by the fistulous leak or was of central origin, the 
venous pressure was measured simultaneously in the right femoral vein 
and the left cephalic vein at the mid-arm (halfway between elbow and 
shoulder). The cuff of a mercury arterial blood pressure manometer 
was placed about the arm just proximal to the elbow, but distal to the 
s.fe of the needle of the venous pressure manometer, so that the venous 
channel from the superior vena cava outward to the blood pressure 
cuff was unobstructed. The cuff was then inflated to a pressure of 150 
mm. Hg, thereby stopping the flow of blood through both the arteries 
and veins below that level. Before thus interrupting the flow through 
the fistula, the pressure in the femoral vein was 93 mm., and, in the 
left er-phalie vein. 1 45 rtiw. Altar occlusion by the manometer cuff, the 
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pressure in the femoral vein was 92 mm., and, in the cephalic vein, 90 
mm. It is clear from this observation that the pressures in the superior 
and inferior caval systems were equal when the fistulous opening- was 
shut off. and that the elevation of pressure in the veins of the left arm 
was due to the leak from the arterial to the venous channels in a 
localized area. 

The venous pressure was increased near the fistula, but not in the 
veins of the body generally. In the right (normal) arm and right leg 
the venous pressure was normal and equal, and in neither was the 
pressure changed by opening and closing the fistula temporarily. In 
the left arm, the pressure was elevated in veins as near the heart as 
measurements could be made in (that is, in the cephalic vein near the 
shoulder, which was 25 cm. from the fistula). 



f. Circulation Time: The circulation time was measured by intra- 
venous injection of sodium dehydrocholate (Decholin). The circula- 
tion time from the right anteeubital vein to the tongue (i.e., in the 
normal arm) was 22 seconds, 17 seconds, and 18 seconds on three occa- 
sions. .The circulation time from one of the large dilated veins, of the 
left forearm to the tongue was much more rapid, namely 12.5 seconds, 
11.5 seconds, and 12.5 seconds on three separate occasions. From the 
femoral vein, 2 inches below the inguinal ligament, to the tongue, the 
circulation time was 19 seconds on two occasions. 

The circulation time from veins of the right arm and right leg to 
the tongue was normal, and remained the same whether the fistula was 
open or closed. Thus, the speed of circulation of venous blood in parts 
of the body not in the vicinity of the fistula was not influenced by 
temporary closure of the fistula, 

g. Oxygen Content of Venous Blood : The oxygen content of blood 
drawn from veins. of the right arm, right leg, and left wrist (distal to 
the fistula) was at a level of 75. to 80 per cent saturation. Blood drawn 
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from veins nearer the fistula was more completely saturated. The 
blood in the veins of the dilated plexus on the dorsum of the left fore- 
arm had an oxygen saturation of 94 per cent, and that from veins a 
few centimeters from the dilated plexus, a saturation of 90 to 93 per 
cent. Arterial blood drawn from the femoral ailery was 94.2 per cent, 
94.7 per cent, and 95 per cent saturated with oxygen on three separate 
occasions. 

It is clear from these observations that blood drawn from veins near 
the fistula was at an oxygen saturation closely approaching that of 
arterial blood. 

h. Cardiac Output: There are inherent difficulties in measuring the 
output of the heart when the circulation is affected by the presence of 
an arteriovenous fistula of considerable size. It is generally agreed 
that the acetylene method of Orel 1 man 14 is an acceptable method for 
cardiac output measurements on normal persons, and it was desired to 
use this method. In using it, there are two important conditions that 
must be fulfilled. The first is that there must be a thorough mixing 
of the gases in the lung-bag system before the gas samples are taken. 
The second condition is that all gas samples must be taken before any 
considerable recirculation takes place, that is, before blood which 
leaves the lungs containing acetylene returns to the lungs again. If 
either of these conditions is not fulfilled, the observed arteriovenous 
oxygen difference will be incorrect. With sufficient training the first is 
not difficult. In applying this method to this patient, it was of im- 
portance to know the actual time required for recirculation of the 
blood, that is. for blood to leave the lung capillaries, pass through the 
fistulous opening, and return again to the lung capillaries. 

For convenience in studying, the recirculation time was divided into 
two separate periods: first, the time required for the blood to pass 
from the lung capillaries to the fistula, and, second, from the fistula 
back to the lung capillaries. These two periods were measured sepa- 
rately. 

To measure the fi.stula-to-lung circulation time, the ether method of 
Ifitzig 55 was used. A large vein of the dilated plexus on the left fore- 
arm was selected; it was the one in which the highest per cent of 
oxygen saturation and the highest venous pressure were observed. 
7 wo separate measurements (5.2 seconds and 6.5 seconds) averaged 
5.9 seconds. 

The lung-to-fistula time was measured with more difficulty. A sub- 
stance was sought that could be inhaled, would pass into the blood, 
could he recovered at the periphery, and be recognized in a small vol- 
ume of blood. It was found after many trials with several substances 
that carbon monoxide would satisfy these criteria. The measurement 
of the lung-1 o-fistula time was made in the following way; Three hun- 
dred cubic centimeters of freshly made carbon monoxide gas, mixed 
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M'ith 600 c.c. of air. were placed in a rubber bag to which an airtight, 
two-way, metal valve and rubber mouth piece were attached. A num- 
ber 18 lumbar puncture needle was then inserted into the vein at the 
same time previously used for ether injection. A brisk flow was ob- 
tained because of the elevated pressure. The end of the needle was 
then held in such a position that the blood rah directly into each of 
a succession of small glass tubes which contained 0.5 c.c. of aqueous 
potassium oxalate solution (0.5 c.c. of solution containing 1 mg. of 
potassium oxalate). The tubes were attached to the rotating drum of 
a kymograph which was so regulated that each tube passed the end of 
the needle in one second (see Fig. 4). In this way blood was collected 



Wsm 


. : "l 



Fig. 4— Arrangement of tubes for collecting samples of blood at one-second intervals. 

in the tubes from the vein at one-second intervals. After six to eight tubes 
had rotated past the needle, each collecting a one-second sample of blood 
to use as controls, the valve was turned at a given signal and the 
subject quickly inspired the contents of the bag and held the inspira- 
tion for twenty to thirty seconds. The time of inspiration was recorded 
on the drum. This method of collecting blood samples at short inter- 
vals is similar to that introduced by Moore, Kinsman. Hamilton and 
Spurhng. 111 Such samples were collected for six to eight second’s be 
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fore, and twenty to twenty-five seconds aftei-, inhalation of carbon 
monoxide. These tubes were then removed from the drum, shaken 


slightly to mix and prevent clotting, and then immediately examined 
for the presence of carbon monoxide hemoglobin.® This was done by 
means of a photoelectric cell and a specific light filter. The filter is 
one of a series of specific filters which pass only a narrow band of wave 
lengths of light, and has been used to study compounds of hemoglobin 
by Evelyn. 29 ’ 20 With this device, minute traces of carbon monoxide 
hemoglobin can be detected. In one of two separate observations the 
carbon monoxide hemoglobin appeared first in the tube collecting blood 
during the sixth to seventh seconds after inhalation, and. in the second 
observation, in the tube collecting blood during the fifth to sixth sec- 
onds. These two observations averaged six seconds. Thus the total 
time required for recirculation from the lungs through the fistula and 
back to the lungs was approximately twelve seconds. Therefore, if, in 
using the acetylene method, the gas samples were collected within 
twelve seconds after the beginning of rebreathing, recirculation should 
not have occurred in sufficient amount to cause significant error, and 
the observed arteriovenous oxygen difference should be valid. 

The three-sample, acetylene method of Grollman was used through- 
out. The subject was thoroughly trained in the technique of rebreath- 
.ing, and was able to inhale and exhale, completely, 2,000 c.c. of acety- 
lene mixture at a rate of more than once per second. Usually the gas 
in the lung-bag system was mixed in six seconds. Gas samples were 
taken at six, nine, and twelve seconds, and two separate arteriovenous 
oxygen differences were obtained. To be acceptable, these two must 
agree within about 10 per cent. 

The cardiac output was measured many times under these conditions, 
and the observations are presented in Table II. (All observations were 
made with the subject under basal conditions, that is, fasting for at 
least twelve hours and having remained completely relaxed in a quiet 
room for at least forty minutes before the observation.) 


It is clear from these data that the output of the heart was greatly 
increased when the fistula was open. The theoretical nonrial value for 
this man’s cardiac output, assuming a normal cardiac index of 2.2 per 


square meter of body surface, was about 4,100 c.e. per minute. This 
theoretical normal value corresponds well with the actual cardiac out pul 
ol -j.OGO c.c. per minute which was observed after closure of the fistula 


for forty-five seconds. 


i he observation on June 26, 1936, may not be a true measurement of 
the cardiac output with the fistula “closed,” for an insufficient lapse of 
time may have been allowed between closure of the fistula and beginning 
O i rebr eatliing to allow the circulation to become adjusted under these 
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Table II 


Observations on the Cardiac Output and Related Data 



OXYGEN 








CON- 

BASAL 

BASAL 

ARTERIO- 

CARDIAC 

CARDIAC 

SYSTOLIC 


SUMP- 

META- 

PULSE 

VENOUS 

OUTPUT 

INDEX 

OUTPUT 

PATE 

TION 

BOLIC 

RATE 

OXYGEN 

PER 

LITERS 

PER 

PER 

RATE 

PER 

DIFFER- 

MINUTE 

PER 

BEAT 


MINUTE 

(C.C.) 

(%) 

MINUTE 

ENCE 

(C.C.) 

SQ. M. 

(C.C.) 


Fistula Open 


0/ 3/3 G 

6/ 4/3 G 

230 | 

First o 

-11 

aeration 

SI 

3S.9 

3S.3 

5,950 

3.2 

79 

7/ 3/3 G 

24S 

-5 

S7 

47.6 

48.1 

5,220 

2.8 

60 

9/2S/3G 

10/7 to 24/36 

254 

Second c 

—3 

>peration 

84 

52.2 

50.6 

4,950 

2.7 

59 

11/27/36 

221 

-12 

81 

42.2 

42.9 

5,190 

2.9 

64 

12/24/3G 

246 

—7 

80 

4S.0 

54.7 

4,800 

2.6 

64 

2/10/37 

235 

—7 

S2 

57.3 

53.5 

4,240 

2.2 

51 

2/23/37 

232 

-10 

77 

51.1 

49.0 

4,630 

2.4 

68 ■ 

4/13/37 

247 

-4 

74 

58.1 

59.1 

4,220 

2.2 

62 

0/ 8/37 

238 

-6 

SI 

54.7 

55.4 

4,320 

2.3 

55 


Fistula Closed 


6/25/36* | 

241 1 

-S 

74 

55.4 

53.9 

4,410 

2.4 

51 , , 

10/ 5/3 6 t 

227t 

-12 

74 

56.9 

58.2 

3,960 

2.1 

54 


‘Fistula closed for about twenty seconds before rebreathing begun. 
tFistula closed for forty-five seconds before rebreathing begun. 
JOxygen consumption measured with fistula closed, throughout. 


conditions. However, the time elapsing before rebreathing in the ob- 
servation made Oct. 5. 1936, was measured accurately with a stop watch, 
and the result in this case is a true measure of the cardiac output with 
the fistula closed. 

Before operation his cardiac output was 5,950 c.c. per minute. During 
the months after operation his output gradually diminished, and the 
signs of the fistula were less prominent until, eight months after the first 
.operation, his cardiac output was within normal limits for the first 
time. At this time the physical signs of the fistula were minimal, al- 
though still present. Since that time there have been indications that 
fistulous openings have become re-established. On June 7, 1937, the 
veins of the plexus were dilated, but did not pulsate, and no thrill was 
present ; however, the bruit seemed to be louder than before. Temporary 
occlusion of the left brachial artery slowed the heart rate 8 beats per 
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minute. During this period, when the physical signs were changing 
in a way which suggested a recurrence of the arteriovenous leak, the 
cardiac output did not change significantly. 

Basal Metaholism . — The oxygen consumption under basal conditions 
i-anged from 221 to 254 e.c. per minute, which represented basal meta- 
bolic rates of minus 12 per cent to minus 3 per cent. The oxygen con- 
sumption was not significantly changed by opening or closing the fistula. 

Operations . — On several occasions during the period of our observa- 
tions, attempts were made to close the fistula surgically. None of these 
succeeded, although several abnormal communications were closed. It 
is believed that the amount of blood flowing through the abnormal chan- 
nels was greatly reduced by operation, but that there still remained a 
fistulous opening or series of openings. There was evidence in June, 
1937 (one year after the first operation), that the leak was becoming 
re-established. 

An important observation made at operation was that the brachial 
artery was greatly dilated, and measured approximately 2 to 2.5 am. 
in diameter. Operative dissections exposed it from the bifurcation of 
the interosseous artery to within fi to 8 cm. of the axilla, and it was 
dilated throughout this distance. The wall of the artery was thought 
to be moderately thinned. 


DISCUSSION 

The evidence we have presented indicates that an arteriovenous fistula 
is associated, in the main, with the following changes in the circulation: 
an increase in the output of the heart; an increase in the total blood 
volume; an increase in the pressure and oxygen content of the venous 
blood near the fistula; no change in the general venous pressure in the 
presence of a competent heart; an increase in the heart rate; an in- 
crease in liie volume of the exfreinily containing the fistula; an increase 
in flic speed of blood flow in the affected part: a marked decrease of 
ihe diastolic blood pressure near the fistula; and a slight decrease of the 
diastolic blood pressure generally. 

During the few months after operation the cardiac output and the 
blood volume 1 ell. Later the blood volume again became elevated, but 
the output of the heart remained normal. This seems to indicate that 
these two functions were not controlled by the same factors in this 
patient. 

•Some authors have believed that the flow through the remainder of 
the body was decreased because of the fistulous leak. Our evidence 
favors the conception that the flow of blood through the rest of the 
body is normal, and that the output of the heart is increased by the 
fistula. 
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Work Done by the Heart .— From the foregoing observations it is pos- 
sible to arrive at an approximate calculation of the work of the heart, 
and to estimate the increase in work caused by the fistula. No avail- 
able formula is an exact expression of heart work. The simplest for- 
mula is the product of the weight of blood pumped per minute and the 
mean pressure against which it is ejected. According to this simplified 
formula, the work of the left ventricle, only, is taken into account 
(since the pressure in the pulmonary artery cannot be measured), and 
the so-called “velocity factor” is not taken into consideration* 

By this formula : 

Work = cardiac output x B.P. (mean) 
fistula open - 6.4 kg. m./min. (384 kg. m./hr.) 
fistula closed - 5.2 kg. m./min. (312 kg. m./hr.) 

Thus the heart does 23 per cent more work with the fistula open than 
with it closed. 

If a more elaborate formula is used, which takes into account the 
“velocity factor” (such as the one devised by Evans 33 ), several assump- 
tions must be made. Using this more complex formula, the calculated 
work is 28 per cent greater with the fistula open than when it is closed. 
This increased work performed by the heart is a constant burden, is 
present continuously even at rest, and is comparable to the burden of 
hyperthyroidism, and not to an intermittent burden such as exercise. 
The increased work, if long enough continued, may lead to cardiac hyper- 
trophy and to congestive heart failure. 

SUMMARY 

Observations on the circulation of a 19-year-old boy with an arterio- 
venous fistula in his forearm are presented. These demonstrated an in- 
crease in the cardiac output and the blood volume, an increase in the 
oxygen content of venous blood near the fistula, a rapid circulation time 
in the arm containing the fistula, a normal circulation time in the normal 
arm, and an increase in the volume of the arm containing the fistula. 
Bata concerning the amount of blood flowing through the fistula are 
presented and discussed. The work of the heart was calculated and was 
found to be increased about 25 per cent by the fistula. 
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FUSION BEATS AND THEIR RELATION TO THE SYNDROME 
OF SHORT P-R INTERVAL ASSOCIATED WITH A 
PROLONGED QRS COMPLEX 

J. Scott Butterworth, M.D.,® and Charles A. Poindexter, M.D. 

New York, N. Y. 

I N 1911, Lewis 1 produced, experimentally, a type of electrocardiographic 
complex resulting from double stimulation of the ventricular muscle. 
These peculiar wave forms he called “transitional complexes”; more 
recently they have become known as “combination complexes,” “para- 
systoles,” or “fusion beats.” The last term is simple, and seems to 
describe the phenomenon adequately. It will therefore be used in this 
paper. 

Instances of this type of complex have been reported in human beings, 2 
and Lewis’ experimental work has been repeated. 3 The usual form of 
double stimulation arises when a ventricular pacemaker interferes with 
the normal sinus rhythm. This may be a regularly recurring ventricular 
impulse which gives rise to a. regularly recurring parasystolic rhythm, 
as suggested by Rothberger and Winterberg 4 and illustrated by Hill 
and' Cameron, 5 or may be simply random ventricular extrasystoles which 
by chance happen to fall into the limited period between the P wave and 
the onset of the QRS deflection during which double stimulation of the 
ventricles is possible. 

This paper presents the experimental production of fusion beats 
by a more refined method than has heretofore been reported ; this method 
permits accurate study of the variations in wave form of fusion beats. 
Clinical instances are also reported. 


EXPERIMENTAL 

. In a previous paper, 6 the technique of using an amplified auricular 
impulse to stimulate the ventricles was described. By the introduction 
of a time delay system into this circuit it was possible to study the effect 
on ventricular response of minute, but accurately controlled, delays be- 
tween the auricular impulse and ventricular stimulation. 

An apparatus! was devised which produced a variable delay of 
electrical impulses from 0.002 second to 0.85 second. This delay was ac- 
complished by electrical methods, and was constant under any given set 
of conditions. It was possible also to control the duration and voltage 
ofthe output from the device. The circuit cleared so rapidlv that 
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rhythmic impulses many times faster than the most rapid mammalian 
heart rates could he handled easily. In this manner, each iiuricular 
impulse was passed into the delay circuit, and a stimulating current of 
any desired duration and intensity was delivered from the output of 
the circuit at any predetermined instant between 0.002 and 0.85 sec- 
ond. By the use of a cathode-ray oscilloscope, these impulses could he 
studied visually as the experiments were in progress. 

In cats and dogs, under nembutal anesthesia, the sternum was removed 
to expose the heart, and the incised pericardium was sutured to the ex- 
posed rib margins to form a cradle for the heart. An automatic positive 
pressure respirator was used to maintain respirations after the chest 
was opened. The current of excitation produced by the right auricle 
was picked up by small, riding, silver electrodes and carried to the 
amplifier. The output of the amplifier was connected to a cathode-ray 
oscilloscope and also to the input of the time delay circuit (Fig. 1). The 
output of the time delay circuit was then utilised to stimulate the right 



ox the left ventricle by electrodes imbedded in the muscle or riding on 
the epicardial surface. This output current also activated a recording 
magnet which signaled the time and duration of the stimulus applied 
to the heart The delay in the magnetic recording system was ascer- 
tained and round to be so small (less than 0.001 second) that it could 
? disregarded. r J.he output voltage was adjusted to a value slightly 
above the threshold value for the ventricular muscle. 


RESULTS 

By varying the time delay it was possible to introduce a stimulating 
shock to the ventricles at any desired time in each cardiac cycle. Fig. 2 
shows single beats selected from numerous tracings taken on the same 
animal and arranged in order with an increasing delay or the auricular 
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stimulus. There is a period of approximately 0.06 second between the 
introduction of the stimulating current (as represented by the down- 
stroke in the solid line below the tracings) and the beginning of the ven- 
tricular QES. This delay was produced, evidently, at the epicardium, 
for the electrodes in this case were riding on the surface of the heart. 
When the stimulating electrodes were buried in the ventricular muscle, 
this delay, disappeared. One can see, by inspection of the records, that 
the QES and T complexes gradually progress from a purely extra- 
systolic configuration to normal. The QES time gradually decreases, 
and, as this occurs, the negativity of the T waves and the voltage of the 
QES complexes decrease. 



F G M ^ 



Fig. 2. — Selected complexes from the same animal, -with varying degrees of delay 
between the beginning of the P wave and the onset of the QRS deflection arranged in 
order of increasing delay. The downstroke of the solid line below each tracing repre- 
sents the time and duration of the ventricular stimulus. Time markers in 0.04 second. 
A to C, inclusive, represent extrasystclic beats, D, to H, inclusive, are fusion beats, 
and I and J are normal complexes. 

Careful measurements of many tracings by a projection method 
(magnification xlO) revealed that the maximum time during which 
fusion occurred in the dog ventricle (i.e., the time during which the 
ventricles can be stimulated by two or more foci) was approximately 
0.035 second, although it varied slightly from animal to animal and de- 
pended upon the location of the stimulating electrodes. It was found 
that the P-T interval (time from the beginning of the P wave to the 
end of the QES) remained constant. 

Similar tracings are seen occasionally in man, and Pig. 3 shows such 
fusion beats. In this case there appears to be an idioventricular rhythm 
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at every second beat at, or just following, the P wave. This is probably 
not a true ease of interference dissociation, as recorded by Hill and 
Cameron, 5 but records of sufficient length for complete study were not 
available. 



Fig. 3. — Standard leads of an electrocardiogram from a patient with numerous ven- 
tricular extrasystoles, many of which result in fusion. 

DISCUSSION 

From the above data it can be seen that the ventricle can be stimu- 
lated by the normal conduction system and by a second ventricular 
stimulus only during the short period (approximately 0.035 second in 
the dog ventricle) prior to the time the normal complex would or- 
dinarily appear. This period closely approaches, but never quite at- 
tains, the duration of the normal QRS complex, which was 0.37 second 
in the ease illustrated in Fig. 2. 

This time relationship is interesting, and probably has a bearing on 
the relation of the QRS to activation and contraction of ventricular 
muscle. At the moment there is insufficient evidence at hand, but it 
would tend to support the supposition that the QRS time represents 
the period during which there is an electrical effect of excitation or 
activation of individual muscle cells, and does not represent the spread 
of the conduction wave over the bundle of His and the Purkinje net- 
work. 

Fig. 4 shows superimposed drawings of actual complexes. The time 
from P to R is the normal P-R interval, and the time from. P to R' repre- 
sents the shortest P-R interval which will produce fusion. The time 
from R to R' thus represents the time during which fusion may occur 
in the ventricle of the dog. It may also he noted that the time between 
the beginning of P and the end of S (the P-T interval) is constant for 
all heats. 

From these data we can say that the period of fusion is roughly repre- 
sented by the duration of the QRS complex. Translating this to the 


153 


BUTTERWORTH AND POINDEXTER: FUSION BEATS 

human heart would mean that, with a normal P-R interval of 0.16 sec- 
ond and a QRS time of 0.08 second, fusion could occur slightly less 
than 0.08 second before the onset of the normal .QRS, and would pro- 
duce a P-R interval of 0.08+ second. This is exactly what occurs in 
the syndrome of short P-R interval associated with wide QRS complexes. 
In both the experimental work and in man, the P-T interval of normal 
and abnormal complexes remains relatively constant. 



gray is a purely extrasystolic form, and -the stippled complex represents an inter- 
mediate fusion beat. The P-T interval (from P to S) remains constant. 

It seems entirely logical, then, to assume that the abnormal com- 
plexes of this syndrome are the result of fusion, and that the type of 
complex depends upon the degree of fusion which exists in any indi- 
.vidual case. Fusion beats differ in no way from those which occur in 
the short P-R syndrome. 

Hunter, Papp, and Parkinson 7 have asserted that any hypothesis 
should explain (1) the difference in the shape of the P wave before 
normal and short P-R syndrome complexes, (2) the peculiar shape of 
the ventricular complexes as compared with that of ordinary bundle 
branch block, and (3) the gradual change of P and QRS from the 
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short P-R syndrome to normal (after atropine) and the appearance of 
intermediate complexes. 

The first of these criteria has been studied oarofully by Wolfe rth and 
Wood, 8 who, after examining all available reports, were unable to sub- 
stantiate the statement that a change occurs in the P waves. They 
found “the contour of the P waves in these cases is remarkably constant 
when the ventricular complexes change their shape.” 

The second and third criteria can be explained by the experimental 
work recorded in this paper. The bizarre QRS complexes are probably 
the result of ventricular fusion, which would be expected to yield an 
abnormal complex, but not necessarily one similar to bundle branch 
block. The gradual change of the QRS from abnormal to noimal which 
occurs in man is easy to understand if we assume that various degrees 
of fusion are produced as the complexes change from the abnormal to the 
normal form. This change may be due to an increasing conductivity 
of the noimal pathway and a decreasing conductivity of an accessory 
pathway. The tracings from human beings are similar to those obtained 
by experimentally varying the degree of ventricular fusion (Fig. 2). 

The simplest and best explanation of this syndrome thus would seem 
to be the assumption that there is an accessory conducting pathway 9 
from the auricles to the ventricles which has a slighly faster rate of 
conduction than the normal conduction system of the heart. Such a 
path was described originally by Kent, 10 and more recently by Glomset 
and Glomset, 11 who noted frequent connections between the auricles 
and ventricles in mammalian and human hearts. 

Fusion beats are probably more common than is generally recognized. 
Many of our routine tracings with numerous extrasystoles will show an 
occasional fusion beat. Of more importance clinically are the frequent 
fusion beats (Fig. 3) which give the impression of multiple foci pre- 
mature- ventricular contractions, but which actually originate from a 
single focus. 

Since the completion of this paper, two articles of special interest 
have appeared. The first is that of Fox, Travell, and Molofsky, 12 who 
studied the action of digitalis, atropine, and other drugs in a case of 
typical short P-R syndrome. They found that atropine sulfate always 
shortened the QRS time, and digitalis lengthened the QRS time. These 
effects were attributed to vagal action. Their tracings are similar to the 
experimental results reported above. Any factor increasing the P-R 
interval will allow less fusion, and, consequently, prolongation of the 
QRS complex will result, and the character of the complex will ap- 
proach that of an extrasystolie beat. Conversely, any shortening of 
the P-R interval will throw the normal and abnormal stimuli closer 
together, decreasing the degree of fusion, and will produce a decreasing 
QRS time and the complex will approach the normal type. 

The second paper of interest contains the long-awaited confirmation of 
accessory pathways in human beings with this sjuidrome. Wood, Wolf- 
erth, and Geekeler 12 demonstrated small muscle bundles running directly 
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from the right auricle to the right ventricle in the' heart of a patient 
who had this syndrome and died suddenly during an attack of paroxys- 
mal tachycardia. 

SUMMARY 

Fusion ventricular complexes were produced in animals by a method 
which allows, accurate spacing of stimuli over short time intervals in 
successive cardiac cycles. The time during which fusion occurs was 
found to approach closely, but not quite equal, the time of the normal 
QRS complex.. 

The clinical aspects of fusion beats were mentioned, and their relation 
to' the syndrome of short P-R interval with wide QRS complexes was 
indicated. 
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ON THE APICAL SOUNDS AND MURMURS 
IN AORTIC REGURGITATION 


Aldo A. Luis ada, AT . I ) . 

Boston, AIass. 

E NACT knowledge and proper evaluation of Ihe sounds and murmurs 
at the apex of the heart in aortic regurgitation are of great 
practical importance, for, often, an opinion as to the cause of the 
disease is based upon Ihem. 

There is no need to discuss the fact that murmurs arising at the 
beginning of the aorta are partly transmitted to the apex. This is 
particularly true of the soft, blowing, diastolic murmur caused by 
aortic regurgitation, but may also be true of the systolic murmur 
which is so often heard at the base of the heard when there are lesions 
of the aorta. A different type of systolic murmur may be heard at 
the apex when the mitral valve is insufficient, either because of marked 
dilatation of the left ventricle {functional insufficiency), or because 
of sclerosis of the valvular leaflets (anatomic insufficiency). The most 
important phase of auscultation, however, is diastole, for a murmur 
heard in this phase would lead to the diagnosis of mitral stenosis. 
Ever since nearly a century ago it has been recognized that diastolic 
murmurs at the apex in aortic regurgitation may have a functional 
origin. Therefore, -whenever a diastolic murmur is heard at the apex, 
it is essential to know whether it is caused by mitral stenosis, or is of 
the type and nature described by Austin Flint and attributed to a 
functional mechanism. 

BRIEF REVIEW OE THE LITERATURE 

Clinical studies on apical murmurs in aortic insufficiency deal mainly 
with the Austin Flint murmur. Jt will he useful to report the words 
used by different authors in the description of this murmur, for no 
graphic study has been undertaken up to this time. In the original 
work of Austin Flint 1 the murmur is reported as a “presystolie blub- 
bering murmur” heard at the cardiax apex of patients with aortic 
regurgitation due to syphilitic and arteriosclerotic heart disease. 
Laubry and Pezzi 2 describe the murmur as either a “diastolic rumble” 
or a “presystolie rumble.” In a well-known work. White 3 says that 
the Austin Flint murmur has “exactly the same characteristics as the 
diastolic murmur of organic rheumatic mitral stenosis.” Wiggcrs* 
describes it as a “mid-diastolic or presystolie murmur heard over the 
apex or mitral areas of the chest.” Gouley 5 maintains that it is “a 
presystolie rumble which practically merges with the first sound and 
is limited to a small area at the apex.” 

Received for publication July 12, 1513. 
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The term “ blubbering murmur” employed by Austin Flint probably 
corresponds to that of “rumble” later used by different authors in 
describing the diastolic murmur of mitral stenosis, and points to a 
prolonged munnur. The terms diastolic and presystolic cannot be used 
indiscriminately with the same meaning. When the heart rate of 
patients with mitral stenosis is slow, it is perfectly possible to hear 
either a diastolic or a presystolic murmur, or both. The diastolic mur- 
mur may be described as a “rumble;” the presystolic murmur, on the 
contrary, is a short murmur immediately preceding the first sound and 
merging with it. For this reason, if we accept the term “blubbering 
murmur” as describing a “rumble,” we must admit that the murmur 
described by Austin Flint was a real diastolic murmur, and we can 
justify the expression used by White, as well as the more comprehen- 
sive meaning attributed by him to the murmur . 3 On the contrary, the 
expression presystolic should not be used unless we admit that the mur- 
mur is a short one, with no “blubbering” or “rumbling” character. 

The mechanism by which the Austin Flint murmur is produced has 
been differently explained. 

Flint thought that the apical murmur was due to a functional stenosis 
of the mitral valve d He explained the stenosis by assuming that, when 
the blood stream entered the left ventricle from the aorta, it pushed the 
anterior leaflet of the mitral valve upwards and backwards. The blood 
entering the same ventricle from the left auricle would meet, there- 
fore, with an obstacle, comparable to that caused by mild mitral 
stenosis. This conception was accepted, with some modifications, by 
Guiteras , 6 Groceo , 7 and Vaquez . 8 They thought that the anterior leaflet 
of the mitral valve, pushed by two different streams of blood, would 
vibrate, thereby causing a diastolic murmur. De Renzi u and Potain 10 
attributed the murmur to whirlpools caused by the meeting of the two 
streams of blood, one entering the left ventricle through the insuffi- 
cient aortic valve, and the other through the normally open mitral valve. 

A different explanation was offered later by White . 3 He thought 
that the murmur was better explained by admitting a relative narrow- 
ness of the normal mitral orifice in comparison with the dilated left 
ventricular cavity. The blood rushing from the auricle into the ven- 
tricle would create whirlpools in the ventricular cavity and, therefore, 
a murmur. This murmur should not be thought of as peculiar to 
aortic regurgitation, but would be found in any case of ventricular 
dilatation, such as that caused by chronic adhesive pericarditis, or 
cardiac failure in cases of rheumatic or hypertensive heart disease. 
As a matter of fact, ( a rumbling diastolic murmur was described in 
adhesive pericarditis' by Flint , 1 and Osier and Hirsehf elder ; u with 
dilatation of the heart in children by Fisher ; 12 in young people by 
Bland, Jones, and White ; 13 and in adults by Wood and White , 14 Wein- 
stein and Lev , 15 and Robinow and Harper . 16 
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A quite different hypothesis was advanced by Pezzi 17 and Laubry 
and Pezzi. 2 They do not agree that the diastolic rumble of mitral 
stenosis and the Flint murmur are identical, and attribute the latter 
to a special hind of gallop rhythm. The successive vibrations of the 
ventricular wall due to the different streams of blood entering it, and 
the echo of the aortic diastolic murmur would give to the ear an im- 
pression different from that of the more common gallop rhythms. Clin- 
ical considerations, pathologic studies, and graphic records were pre- 
sented in support of this theory. 

Interest in the Flint, murmur was more recently awakened hy Gouley, 5 
who described a characteristic deformity of the right aortic leaflet 
which might divert the regurgitating blood toward the lower portion 
of the anterior mitral curtain. Mention should be made also of some 
important contributions on the hemodynamics of aortic insufficiency. 
The studies of Wiggers and his co-workers 4 * ,t ' z0 have shown that the 
regurgitation is predominant in the initial period of diastole, before 
the opening of the A-V valves (80 per cent in large leaks), and that 
ventricular filling from the auricle is not hindered, but rather in- 
creased, after the mitral valve opens. 

Routine phonocardiograms show that the soft diastolic murmur 
which is typical of aortic insufficiency starts immediately after the 
second sound, and gradually decreases, so that a large part of diastole 
shows no evidence of regurgitation. This fact, which coincides with 
the accepted clinical evidence, should be kept in mind, for it confirms 
the conclusions reached by Wiggers and his co-workers. 

TECIIXlqUK AND MATERIAL 

The study was carried out on twenty-seven patients in various hos- 
pitals of Greater Boston.* Fifteen of them were white and twel re- 
vere Negroes. 

Special care was used to exclude any case in which rheumatic heart 
disease could be suspected. Fourteen of the patients had syphilitic 
heart disease, six had fibrosis of the heart valves due to atherosclerosis, 
and five had both syphilitic and arteriosclerotic heart disease. Two 
patients were included, in spite of an early diagnosis of rheumatic 
heart disease, because the diagnosis was not confirmed later, and also 
because the description of a typical diastolic rumble was thought par- 
ticularly interesting. All of the patients had aortic regurgitation, as 
shown by clinical evidence and by records taken at the base of the 
heart. In addition to these eases, many others were studied, in which 
the clinical diagnosis was syphilitic heart disease with Austin Flint 
murmur, but the phonocardiogram showed typical evidence of mitral- 
stenosis. 

Our records were taken with a Stetho-cardiette (Sanborn). The fol- 
lowing tracings were recorded: (1) A routine electrocardiogram, 
coupled with a routine phonocardiogram . i (2) Lead J of the electro- 

•Boston City Hospital, Both Israel Hospital. Middlesex Hospital. and Medfield State 
Hospital. 

tThe electrocardiogram v.as recorded in Leads 1, 11 II and JVF. At the same 
time, the phonocardiogram was recorded at the apex, over the pulmonic area, over the 
aortic area, and over the tricuspid area. The stethoscopie microphone with middle- 
sized funnel v.-as used. Tracings were recorded at a speed of 25 m/m. and 75 m/m. 
per second. 
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cardiogram, and. the apex phonoeardiogram by employing the stetho- 
seopic microphone. 21 ’ 22 (3) The same record, but rising a logarithmic 

microphone. 21 ’ 22 (4) Apex sounds and apex beat. These were re- 

corded in accordance with the technique described by Bappaport and 
Sprague. 22 (5) Various other records, such as the phlebogram, arterio- 
gram, and pneumocardiogram. 23 

These records permitted transcription of the heart murmurs over 
the apex in two different ways: first, as they are 'presented to the ear 
by a common stethoscope (stethoscopie microphone), and, second, as 
they are heard in the ordinary stetlioseopic examination of. the patient 
(logarithmic microphone). Presystolic vibrations were divided into 
two classes. If a single or double, slow vibration, lasting only as, long 
as the auricular contraction, was present, it was classified as an auricu- 
lar sound ; the existence of this sound excludes any anatomic or func- 
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tional stenosis of the mitral valve, for the sound is caused by the blood 
stream passing with high speed through the mitral valve and striking 
the ventricular wall. On the contrary, the term presystolie murmur 
was applied to vibrations present in presystole, and with the following 
characters: high-pitched vibrations of a low amplitude, lasting longer 
than the auricular contraction and gradually merging with the first 
sound. These only can be attributed to narrowing of the mitral orifice. 




Fig. 2 — L. B. — Syphilitic heart di.seapc; aortic regurgitation. The first sound 
seems preceded by a “crescendo" murmur. 

"> Apex, phonocardiogram with stethoscopic microphone and electrocardiogram. 
b. Apex phonocardiogram with logarithmic microphone and electrocardiogram, 
logarithmic microphone does not allow a good record of the first component of 
Koi'in.i - s , olj nd. Therefore, the first sound appears as if "in crescendo." Jut — first 
sound; 2d = second sound. 


RESULTS OF THE STUDY 

Our cases can best be described by dividing them into three different 
groups. 

J . In some of the cases, a very ample and slow vibration was present 
during presystole. I his vibration was absolutely identical with the 
loud auricular sound which causes presystolie gallop rhythm. In some 
of the eases, the auricular sound was far enough from the first sound 
to he heard separately; in others, the auricular vibration merged with 
the first sound and gave the impression of a presystolie crescendo mur- 
mur. In some cases there was a loud third sound of the heart, followed 
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by an auricular sound (Fig. 1) . The existence of two additional sounds 
during. diastole (third sound plus auricular sound) may give the impres- 
sion of a diastolic rumble. 

2, In a. second group of cases, tracings recorded with the logarithmic 
microphone showed that the first sound started with a seiies of small 
vibrations, followed by much larger vibrations (Figs. 2 and 3). At 
first glance the phonocardiogram simulated that of a presystolic mui- 
mur. However, comparison with a tracing taken with a stethoscopic 
microphone and with the simultaneously recorded electrocardiogram 
proved that, the “ crescendo ” murmur was really a distorted first sound 
and occurred in systole. In the case shown in Fig. 2, competent ex- 


stetlu phon 



HfmrTHM* 


log.phon 



Fig-. 3. — H. T. — Syphilitic heart disease ; aortic regurgitation. Diastolic rumble and 
presystolic murmur at apex. 

a. Apex phonocardiogram with stethoscopic microphone, and electrocardiogram. 

b. xYpex phonocardiogram with logarithmic microphone, and electrocardiogram. 

The stethoscopic microphone records the auricular sound. The logarithmic micro- 
phone shows some tiny vibrations in diastole which are transmitted from the base, 
and some in presystole, probably due to the auricle. However, the most apparent fact 
is the crescendo type of the first sound, due to the small amplitude of the vibrations 
of the first component through the logarithmic microphone, a = auricular sound- 1st 
= first sound; 2d = second sound. 

y 

aminers had admitted the existence of an Austin' Flint murmur. The 
erroneous impression is due to the fact that some early vibrations of 
the first sound are low pitched, and are heard only as a gradually 
increasing: murmur. 
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3, In a third group of eases the first sound, appeared to he split in two. 
In some of them there was either a normal or a prolonged duration 
of the sound, hut the two larger oscillations which are often present 
within the sound had a tremendous intensity (Fig. 4, o'). In others, 
a series of vibrations which prolonged the first sound during systole 
simulated duplication of the sound (Figs. 4, h, 5, a and h). The type 
of the vibrations, the fact that they occurred in the ejection phase, 
and their intensity at the base of the heart showed that they wore 
caused by eddies formed by the blood stream entering the aorta. 
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Fig. 5 . — Two cases of syphilitic heart disease with hypertension and aortic regurgi- 
tation. The first sound gave the impression of being split in two. 

a, A.B. — Apex plvonocardiogram (stethoscopic) and cardiogram. Very high 
auricular- wave ; loud snap at the beginning of the first sound ; ample vibrations occur 
during nearly all of systole. A low-pitched sound due to the aorta occurs in mid- 
systole. 

b, E.V. — Phonocardiogram (logarithmic), slightly inside the apex, and electro- 
cardiogram. After an initial loud vibration the first sound becomes lower. Then a 
series of very high-pitched vibrations, probably due to the aorta, appears as a second 
snap. 1st — first sound ; 2d = second sound ; S. SN. = systolic snap, transmitted 
from the aorta. 


■ r- 






v ...- ... 




Fi &- 6 '~ aian of 74 years with syphilitic and arteriosclerotic heart disease Aortic 

S‘Sa ph Bv' = D mSSSc?, a aa^ * ™ ™ = «>* i3S 



164 


AMERICAN HEART JOURNAL 


DISCUSSION 

In order to avoid Jikely objections, all patients with certain or even 
possible rheumatic heart disease were discarded. Therefore, only pa- 
tients with syphilitic, hypertensive, and arteriosclerotic heart disease 
were studied, if aortic regurgitation was present. 

This study has shown that patients with aortic regurgitation may 
have, at the apex, different auscultatory phenomena during diastole. 
These are likely due to different mechanisms. 

In the cases of Group 1 there was a diastolic, rumble , apparently be- 
cause of functional changes in the ventricular wall. The rumble is due 
to the presence of additional sounds in diastole, mainly the third heart 
sound and the auricular sound. This forms a new category of gallop 
which 1 have designated previously as train-wheel rhythm * Adding 
to the diastolic sounds the echo of the aortic diastolic murmur, the 
ear can easily perceive a diastolic rumble. In some of the cases the 
extra sounds during diastole were of a very low-pitched type, and 
were not easily perceptible to the ear. In two of them, an Austin 
Flint murmur had been described, and, in one of them, the question 
of rheumatic heart disease was discussed for nearly a year because a 
diastolic rumble was heard at the apex. Later on, only a diastolic 
sound was heard, and the final diagnosis was that of hypertensive and 
arteriosclerotic heart disease. 

In the cases of Group 2 the clinical impression was that they had a 
presystolic murmur, but this was actually an auscultatory illusion. 
As a matter of fact, there was only a distorted first sound of a “cre- 
scendo” type. There was no possibility of locating the murmur ex- 
actly, except by comparison of the phonoeardiogram with the electro- 
cardiogram. In only one of these cases did the phonoeardiogram which 
was taken with the logarithmic microphone show a few tiny presystolic 
vibrations. These are due to the auricular contraction itself, and not 
to any supposed narrowness of the mitral valve, for the record taken 
with the stethoscopic microphone revealed a loud auricular sound, 
showing the forceful auricular contraction and the impact of the blood 
against the ventricular wall. 

In the cases of Group 3 there was still another auscultatory phenome- 
non : an actually split first sound. This was due either to great loud- 
ness of the two valvular components of the firsl sound ( fibrosis of both 
the mitral and aortic valves), or to increased intensity of the vascular 
component of the first sound. We have, therefore, either a separation 

•According to current classifications, the following types of cal lop arc recognized : 
a — Presystolic gallop rbyUim, or auricular gallop 
h — Protodiastolic gallop rhythm, or ventricular gallop, 
c — Summation gallop (both precwl'ng sound* contribute to an extra 
pound in diastole). 

When both the third heart sound and the auricular sound are heard because of a 
sufficient Interval, it is improper to use the term gallop (when only three sounds arc- 
heard). Therefore. X proposed 3 for these cases the term "four-sounds rhythm" or 
"train-wheel rhythm.” It Is apparent that, when diastole is not long enough, the ear 
perceives the succession of extra sounds as a rumble. 
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of the two valvular components of the first sound, or a separation of 
the musculo-valvular components from the vascular component. w The 
ear may hear a presystolic murmur if the second acoustic element is 
mistaken for the first sound. In one case, the phonoeardiogram showed 
diastolic vibrations which might have been mistaken for those of mitral 
stenosis. Tn that case, no diastolic rumble was heard because the vibra- 
tions were too low pitched. The possibility of such perception does, 
however, exist. Had the vibrations possessed a higher pitch, then a 
typical Austin Flint murmur might have been heard. 

We should now discuss whether any of our patients had an Austin 
Flint murmur. In spite of our personal impression and of the author- 
itative opinion of cardiologists who affirmed it in at least four of our 
twenty-seven cases, it is possible that no one of them had it. After 
all, it should be remembered that Austin Flint, a man of very large 
clinical experience, described only tivo cases. This indicates that the 
Austin Flint murmur is a rare occurrence. Our study has shown how 
many factors may simulate a diastolic apical murmur. Therefore, an 
Austin Flint murmur should be diagnosed only after sharp criticism. 

We shall conclude by saying that our study did not produce records 
which might be compared to the typical phonocardiographic tracings 
of mitral stenosis. Until they are produced, the phonocardiographic 
method will be an easy way to differentiate the diastolic apical rumble 
of mitral stenosis from the functional rumble which may be heard in 
aortic insufficiency.! 

SUMMARY 


1. A phonocardiographic study was made on twenty-seven patients 
with syphilitic aortic regurgitation in order to study the auscultatory 
phenomena at the apex. 

2. Some of the patients showed one of the following acoustic phe- 
nomena : 


a. The presence of additional sounds during diastole (third sound, 
auricular sound, or both). 

b. The'presence of a “crescendo” type of first sound. 

c. The presence of a split first sound, due either to increased loudness 
of the two valvular components or to increased loudness of the 
vascular component. 

The above-mentioned phenomena may simulate, to the ear, either a 
diastolic rumble or a presystolic murmur. They were easily recognized 


,, *?he s e names are used here according: to the descriptions of Orfas and Braun- 
MenSndez-* and Rappaport and Sprague. 21 - - d n 

tThrough the courtesy of Drs. P. D. White and Eugene Stead, Jr., I have received 
two remarkable tracings recorded by Dr. J. C. Massee, of Atlanta. Both showed a 
loud diastolic murmur at the apex, with unusual characteristics (regular 
type m the first; tremendous intensity in the second). As both patient^hai 
anatomic features (everted vibrating cusps in the first and n-iteni- unusual 

" the other) I do iot believe that tBej- can l.S chosen as typieff ImkSs Ho JZi ? 

i h nd?ompffi e „Tr's?^?. ,e S »“«> »'<> » PhonM.o'SSJ Si 
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on phonoeardiographic tracings, so that mitral stenosis was excluded 
alter study of the tracings. 

I wish to thank Dr. Eugene Stead, Jr., and especially Dr. P. D. White for his 
authoritative suggestions and constructive criticism. 

I am indebted to several physicians in charge of the patients for permission 
to study and report the cases. I wish particularly to thank Dr. Plumgart of the 
Beth Israel Hospital, and Dr. Ellis of the Boston City Hospital. 
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AN UNUSUAL EFFECT OF INTERPOLATED VENTRICULAR 

PREMATURE SYSTOLES . 

L. N. Katz, M.D.', R, Langendorf, M.D., and S. L. Cole, M.D. 

Chicago, III. . - . 


I NTERPOLATED premature systoles were first reported by AVeucke- 
baeli. 1 Prolongation of tlie a-c. interval in the jugular, pulse tracing 
of tlie beat following an interpolated premature systole was first de- 
scribed by Mackenzie 2 and Hay, 3 and was attributed to stimulation of 
the A-V bundle by the premature beat, causing a delay in the passage 
of the subsequent sinus impulse over this bundle. Laslett 1 clearly stated 
that the influence of retrograde conduction from tlie point of origin of 
the extra stimulus upon the A-V bundle might account for the P-R pro- 
longation after interpolated ventricular premature systoles. This in- 
terpretation was also advanced by Wenckebach, 5 and used by him, and 
later by Ashman, 0 as an argument against the theory of heart block 
which ascribed A-V block to a lack of responsiveness, that is, increased 
latency, on the part of the ventricular musculature (Erlangeiy Straub 
and Kleemann, 8 and Straub 0 ). Myers and White 30 assumed that the 
impulse responsible for the extra beat traversed the A-V bundle and was 
blocked at tlie junction with the A-V node, the point of lowest con- 
ductivity. 

The longest P-R intervals of postextrasystolie beats in the presence 
of interpolated ventricular premature systoles previously reported were 
0.30 second (Straub 0 ), 0.325 second (Ashman 0 ), 0.34 second (Wencke- 
bach and Winterberg 11 ) and 0.36 second (Zeisler 12 ). In all these cases 
the P-R intervals of the other sinus beats were normal (0.17 to 0.18 
second). Ashman 0 reported a case in which the P-R interval in the 
postextrasystolie beat was 0.43 second as compared with a P-R inter- 
val in the other sinus beats of 0.21 second. The prolongation of the P-R 
above its ordinary value in the foregoing eases was, therefore, 0.115, 
0.155, 0.17, 0.1S, and 0.22 second, respectively. 


Recently we encountered a case of interpolated ventricular premature 
systoles in which the effect on the P-R interval was considerably more 
marked, with the result that the P-R was prolonged in several instances 
even in the second postextrasystolie beat, a phenomenon that, to our 
knowledge has not been described previously. The records (Figs. 1 to 3) 
were obtained on a 77-year-old patient with syphilitic aortitis and angina 
of effor t;* Frequent premature systoles were noted clinically, and they oc- 
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♦This was a patient of the Mandel Clinic. 
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curred in the absence of digitalis medication. The first record (Fig. 1) 
was taken to identify the premature systoles. It shows sinus rhythm 
with frequent premature systoles of the same ventricular origin, two of 
which are interpolated. In addition, intraventricular block of the com- 
mon type is present. The interpolated beats occur in Leads III and 
OIL. In both, the prolongation of the P-R in the postextrasystolie beats 



mon'typV and rrcou^nt Bhowin « intraventricular block of the com- 

Discuspc-d in text . 1 tncul I ' rf ' rnatur,; systole}., mint „r which are interpolated. 


is east to discern on the following analysis: By spacing off the P waves 
it will be seen that the sinus P falls in the B-T-T complex of the pre- 
mature beat, producing notching which is clearly visible in GIL but not 
in Lead HI. I* urthei'more, the R-R interval of the sinus heats lengthens 
at the time of the premature systole, and shortens in the subsequent 
cycle, without accompanying changes in the P-P interval. The delay 
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in the occurrence of the postextrasystolic QRS-T is thus attributable to 
the prolongation of the P-R interval. 

It was in this way that; the arrhythmia at the beginning of Lead II 
was accounted for. The T wave with which the record: starts is larger 
than the T waves of the sinus beats, and resembles that of the ventricular 
premature systole which occurs later in this lead. The ventricular 
complex that follows was considered to be a postextrasystolic beat with 
a very long P-R, following an interpolated ventricular premature sys- 
tole; the P wave had occurred (off the record) on the S-T segment of 
the premature beat. The postextrasystolic QRS-T occurs so late that 
the next sinus P falls on its T wave. This can be verified by spacing 
back the sinus P-P interval and by comparing this T wave with that of 
the other sinus beats. If this interpretation is correct, the P-R of the 
first postextrasystolic beat is prolonged to more than 0.50 second. In 
order to verify this interpretation, a long record of Lead I was taken 
three weeks later and analyzed in detail a total of 156 premature sys- 
tole were available for the analysis. The effects on the P-R interval of 
the postextrasystolic beats at this time are summarized in Tables I and 
II, and the more significant portions of this long record are shown in 
Figs. 2 and 3. . 

Several types of premature systoles were observed. On two occasions' 
a premature systole occurred which resembled somewhat the sinus beats 
in configuration and in QRS duration, but was not preceded by a pre- 
mature P wave. These two beats were considered to be nodal premature 
systoles (cf. last premature systole of Fig. 2, A), both were interpolated, 
their coupling to the preceding ventricular complex was fixed (0.46 
second), and they caused a slight prolongation of the postextrasystolic 
P-R interval (0.19 second). The other premature systoles differed 
strikingly from the sinus beats; they had a bizarre contour and wider 
QRS complexes, and were not preceded by premature P waves; they 
were considered to be of ventricular origin. Two varieties of these 
beats were encountered; the rarer type occurred only three times. , In 
one instance shown in Fig. 2, B, a pair of ventricular premature beats 
occurred, the first one of . the common, the second the rarer, type. The 
rarer type of premature systole had a shorter coupling .to the preceding 
ventricular beat (0.44 to 0.48 second) than the more' common type 
(0.56 to 0.70 second). The sinus node discharged impulses irregularly, 
so that the P-P interval preceding the preextrasystolic beats varied from 
0.85 to 1 second. In addition, the P-P interval including the premature 
systole usually was somewhat shorter, although, on occasion, it was 
longer, than the preceding P-P. The P-R of the sinus beats measured 
0.14 to 0.16 second after ventricular . premature systoles with compen- 
. satory pauses; this value is in the range of sinus beats other than those 
which follow interpolated premature systoles. 

Of the 152 instances of single ventricular premature systoles en- 
countered in the long record, 90 were followed by a compensatory pause 
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(viz., the second one in Pigs. 2, A, G, and D, and 3, A, and G, and the 
first one in Pig. 3, B), and 62 were interpolated (viz., the first one in 
Pig. 2, A, B, G, and D, the first and third in Fig. 3. A and C, and the 
second in Fig. 3, B). 

The P-R interval of the first post extrasystolic heats after the inter- 
polated premature systoles ranged from 0.20 to 0.78 second. In order 
to ascertain the factors responsible for this P-R prolongation, the P-R 
was correlated with the R-P interval, as measured from the beginning of 
the QRS complex of the premature systole to the beginning of the fol- 
lowing sinus P. In 43 instances it was not possible to identify this sinus 
P wave clearly, and, therefore, no measurements were made. Most of 
these (35) were instances with compensatory pauses, and only 8 were 
in interpolated beats. However, in 55 eases with compensatory pauses 
and in 54 with interpolated beats, these measurements could be made. 
In making the measurements, it was more convenient to use the summit 
of P than its beginning. The values given in Table I are therefore 
values obtained from the peak of P, less 0.06 second for R-P and plus 
0.06 second for P-R. The value 0.06 second was the average duration 
of the upstroke of P. 

Although there was a tendency for the ratio of blocked to conducted 
postextrasystolie sinus P waves to decrease as the R-P interval length-, 
ened, the exceptions were striking and frequent (Table I). Thus, some 
P waves, which occurred up to 0.26 second after QRS of the premature 
systole, were not followed by a ventricular response, whereas other P 
waves, occurring much earlier, as early as 0.09 second after the pre- 
mature QRS, were conducted (also compare the first and second pre- 
mature systoles in Fig. 3, G). This might suggest a supernormal phase 
of recovery, but against this is the wide overlap shown in Table I, as 
well as the marked variations of P-R in conducted postextrasystolie beats. 
Although the shortest R-P was followed by the longest P-R, ar/d vice 
versa (compare the first premature systole in Fig. 3, A, with the first 
in Fig. 3, C), the values between these extremes varied considerably at 
each R-P. For instance, at an R-P of 0.18 second, the P-R range was 
0.34 to 0.54 second. Furthermore, an R-P of 0.12 second was followed 
by a P-R of 0.38 second, whereas an R-P of 0.19 second was followed 
in one instance by a P-R of 0.68 second (compare also the first premature 
beat of Figs. 2, C, with the first in Fig. 2,1)). It is thus apparent that 
the interval between the interpolated premature beat and the sinus P 
wave was not the only factor determining the P-R interval of the post- 
extrasystolie beat, although its influence is clearly revealed on the aver- 
age values (Table I). 

In attempting to account for this Jack of relationship between the 
postextrasystolie P-R and the preceding R-P interval, an effort was 
made to correlate this P-R with the P-P interval as a measure of nerve 
tone, and with the coupling of the premature beat to the preceding 
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ventricular complex as a possible measure of the speed of retrograde 
conduction. These added measurements revealed no clear correlations. 
TVe are forced to conclude, therefore, that, although valuing extiacaidiae 
nerve tone may.' influence the P-R duration of the lii st postextx as^ stolic 
beat (Wenckebach and Winterberg : n Zeisler 12 ), the value of these P-R 
intervals is determined, in part, by variation's in the retrograde conduc- 
tion of the premature systoles. Otherwise, it would be difficult to ac- 
count for the difference in the P-R to R-P relationship of the first and 
the second postextrasystolic beats. In the latter the correlation is clear 
(Table II) and in the former it is absent, and the difference appears 
to be due to the fact that the premature ventricular beats precede the 
former. 

The occurrence of so many P-R intervals of 0.50 second or more after 
interpolated premature systoles, while the other sinus beats have a nor- 
mal P-R, is unusual, and the P-R values of 0.68, 0.72, and 0.78 second 
are unique under these circumstances. The postextrasystolic P-R of 
0.78 second is shown after the first premature systole in Pig. 3, C. In 
this instance the sinus P is identified by the notch near the top of the 
ascending limb of QRS of the premature beat. As a check on this 
measurement, as in all other instances, an indirect method was em- 
ployed: The R-R of the sinus beats preceding the premature beat 
(equals 0.81 second) was subtracted from the R-R interval of the sinus 
beats including the premature systole (equals 1.4S second). The dif- 
ference, 0.64 second, represents the lengthening of P-R over the ordinary 
value of P-R (equals 0.14 second), making the P-R of the postextra- 
systolic beat 0.7S second. The only assumption here is that there was 
no sinus arrhythmia at the time. In this instance this tremendous P-R 
prolongation makes the second sinus P after the premature systole occur 
near the downstroke of -the first postextrasystolic QRS, and hence, since 
it falls in the absolute refractory period of the A-V junctional tissue and 
ventricles, it is blocked. This accounts for the long pause after the first 
postextrasystolic QRS-T. That this is so is shown by the fact that the 
R-R interval between the second and fourth sinus beats .of Pig. 3, G, 
equals three sinus R-R intervals. This effect of the premature systole 
on the following two sinus beats is extraordinary. 

The marked prolongation of the first P-R after the interpolated pre- 
mature systole shortens the following R-P, and, in this way, affects the 
P-R of the second sinus beat after the interpolated premature systole. 
Besides the unusual instance of a blocked P wave, a number of instances 
of definite, and several of slight, P-R prolongation in the second post- 
extrasystolic beat were encountered (cf. Table II, second premature 
beat of Pig. 3, B, and first, premature beat of Pig. 2, B and D). As 
Table II shows, the P-R effect is dependent on the R-P, and is a mani- 
festation of the influence of the absolute and relative refractory period 
after the first postextrasystolic beat. ' 
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SUMMARY 

1. A case of interpolated ventricular premature systoles is presented 
in which there was unusual prolongation of the postcxtrasystolic P-R 
intervals; they atlaincd 0.78 second in one instance, and over 0.60 sec- 
ond in three others. 

2. The marked prolongation of the postcxtrasystolic IVR interval 
after interpolated ventricular premature systoles had a hitherto unde- 
scribed effect on the second postcxtrasystolic beat, namely, prolongation 
of its F-R and, on one occasion, dropping out of the second poslextra- 
systolic ventricular complex. 

3. Analysis showed that the J J -R of the first postcxtrasystolic beat 
did not depend exclusively on the interval between the beginning of QRS 
of the premature systole and the next sinus P wave which occurred; 
some other factor was involved. Reasons are given for the view that 
this most likely depended upon variations in the retrograde conduction 
from the point of origin of the ventricular premature systole. The 
P-R of the second postcxtrasystolic beat, on the contrary, depended ex- 
clusively on the interval between its I 3 and the beginning of the pre- 
ceding QRS. 
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THE RELATION OF NEURO CIRCULATORY -ASTHENIA 
TO GRAVES’ DISEASE 

Eli Moschcowitz, M.D., and Solon S. Bernstein,* M.D. 

New York, N. Y. 

INTRODUCTION 

T HIS rather ill-defined disorder, without a background in morbid 
anatomy, which has at various times been called “effort syndrome, 
“disordered heart action of soldiers,” “autonomic imbalance,” and 
(from its discoverer) “Da Costa’s syndrome,” has not obtained the 
dignity of a nosological entity. Because of the vagueness of its clin- 
ical outlines, both symptomatic and objective, its definition is more or 
less arbitrary, and, for this reason, the term syndrome seems decidedly 
more applicable. We believe the failure to place this syndrome into 
its proper category is due to the current tendency to view disease from 
the static rather than the dynamic viewpoint, and the failure to grasp 
the fact that biology 1 has its role in the interpretation of disease proc- 
esses. If this view is taken, neurocirculatory asthenia presents so 
many features in common with the larval, or constitutional, phase of 
Graves’ syndrome that we believe the two are identical, and it is with 
the exposition of this thesis that this paper is concerned. Indeed, the 
resemblance between the two maladies is so strong that most writers 
who believe in the specificity of neurocirculatory asthenia as a disease 
entity concern themselves with the differential diagnosis of this malady 
from Graves’ syndrome. This concept is not new; it has been broached 
a number of times, especially during the last war by Barr , 2 Brooks , 3 
Carrol , 4 and Grotti , 5 but on what we believe to be insufficient evidence. 

In order to elucidate our thesis, we shall take up the various clinical 
characteristics of neurocirculatory asthenia, as currently described, 
and show their similarity to those of Graves ’ syndrome. 

Symptomatology . — The conventionally described symptoms of neuro- 
circulatory asthenia are breathlessness (especially on effort), palpita- 
tion, fatigue, dizziness, occasional precordial pain, sighing respiration, 
headache, dry mouth, occasional syncope, and diarrhea. Usually, there 
is anorexia. Sir Thomas Lewis 6 describes this attitude as- “frozen 
with fear with wide staring eyes.” Moreover, these symptoms are not 
by any means strictly related to war, but occur even in adolescents, 
especially under the influence of emotion . 7 ' 11 This fact, coupled with 
others that we shall mention, effectively disposes of the notion that 
neuroci rculatory asthenia is strictly a war disease. The similarity of 
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these symptoms with those of Graves’ syndrome is too obvious to re- 
quire discussion. Jn fact, they are identical with those we have often 
observed in patients under emotional strain, whom we have known 
well before the onset of the typical Graves’ syndrome, and to whom 
the diagnosis of cardiac neurosis, psych on eurosis, or autonomic imbal- 
ance 12 was applicable. Moreover, these symptoms are observed not. 
infrequently for varying periods after subtotal thyroidectomy for gen- 
uine Graves’ syndrome, sometimes for the remainder of the patients’ 
lives. 

Physical Signs . — The characteristic physical signs of neurocireuJa- 
tory asthenia 0 are tachycardia, coldness and blueness of the hands, 
hyperpnea or tachypnea, tremor, sweating of the palms and axillae, 
asthenia, and dermographia. 

a. Tachycardia: This appears to be the most conspicuous and eon-, 
sistent sign of neurocireulatory asthenia. Jn the first World War, 
most observers, and especially Sir Thomas Lewis, 0 ascribed the tachy- 
cardia to effort, but. in the present war, it is the opinion of most British 
observers that the tachycardia is due not so much to effort as to emo- 
tion. Thus, Jones and Lewis* say that “it is not effort but the situation 
in which effort is required and the emotional attitude of the man 
toward this situation that are significant factors.” They noted, for 
instance, that, in the carpenter shop, the patients showed no evidence 
of tachycardia as compared to other fonns of training. Wood 1 ex- 
presses himself in a similar vein. This effect is comparable to that 
which one sees in the initial phase of Graves’ syndrome. The point is 
frequently raised that the tachycardia of Graves’ syndrome differs 
from that of neurocireulatory asthenia in that it does not tend to dis- 
appear at rest. If we compare neurocireulatory asthenia to the florid 
and full-fledged type of Graves’ syndrome, this is more or less true, 
but, in the larval, or initial, phase of Graves’ syndrome, we have ob- 
served repeatedly that, under conditions of emotional and physical 
rest, the tachycardia subsides. 

b. Coldness and blueness of the hands: These signs are by no means 
always present in neurocireulatory asthenia: according to Wood, this 
sign was noted in 44.5 per cent, and its pathognomonic significance has 
been further minimized by the observation of Sir William Osier 
(quoted by Wood) that, in England, cold, blue hands are exceedingly 
common because or! climactic conditions. Nevertheless, this sign is 
repeatedly used to differentiate between neurocireulatory asthenia and 
Graves’ syndrome. That the hands are warm in Graves’ syndrome 
because of peripheral vasodilatation 1 * is well known, but this is true 
only in the florid types. In the larval or constitutional phase, before 
the basal metabolic rate has become elevated , we have noted cold 
hands as often as not. At best, this sign is indecisive. 
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c. Hyperpnea and tachypnea: These symptoms are common. in emo- 
tional states with or without organic heart disease, and have little 
significance as diagnostic differentials. 

d. Tremor: The tremor is generally believed to be coarser in neuro- 
eirculatory asthenia than in Graves’ syndrome, but it is questionable 
whether this is sufficiently decisive to be used as a diagnostic point. 
In our experience, the tremor varies widely in Graves’ syndrome, de- 
pending partly on the stage of the disease and partly on the emotional 
state of the patient. In the constitutional stage of Graves’ syndrome, 
the tremor is more often coarse than fine,' and, if absent, it can be 
induced or intensified by an injection of adrenalin, thus supporting the 
view of Cannon 14 that, under the stimulus of fear, hyperadrenalemia 
is induced (Goetscli test). Suggestive in this connection is the obser- 
vation of Peabody, Clough, Sturgis, Wearn, and Tompkins 15 that the 
Goetsch test was positive in 60 per cent of their soldiers with irrita- 
bility of the heart; usually there was a temporary rise in the basal 
metabolic rate in these eases. Boas 16 found the Goetsch test positive 
in 29 per cent of his eases. The cause of this difference is not clear. 

e. Sweating of palms and axillae : This symptom does not differ in 
the slightest from that usually observed in Graves’ syndrome. 

f. Asthenia: It differs in no essential from that of Graves’ syndrome. 

g. Dermographia : This is exceedingly common in both conditions. 
The close similarity between these symptoms and signs and the class- 
ical description of Darwin 17 of the expression of fear, which, as we 
shall see, is the dominant exciting agent of both disorders, is indeed 
striking. Both Crile 155 and Wood 7 stress this analogy. 

Occurrence in Civilian Life . — That the occurrence of neuroeircula- 
tory asthenia is not strictly limited to wartime is obvious to every 
general practitioner, and, moreover, it is extremely common in civil 
life. Thus, White and Jones 15 ’ noted it in 302 of 3,000 patients who 
had cardiac complaints; in 62 additional cases it was accompanied by 
organic heart disease. The reason for its prominence during wartime 
is undoubtedly fear. One of us 20 has already called attention to the 
fact that Graves’ syndrome, like most psychosomatic diseases, bears 
a distinct relation to great crises and emotional waves, and, broadly, 
to the increased strain of living. 

Age . — Both neurocirculatory asthenia and Graves’ syndrome occur 
at all ages. The reason for the greater preponderance of neurocir- 
culatory asthenia in the third and fourth decades is the circumstance 
that this is the military age. Both are rare in children 21 before the 
emotive and sensitizing faculties are fully developed. 

Sex. There is. a current notion that neurocirculatory asthenia is a 
masculine disease because most reports are concerned with soldiers, 
but it is exceedingly common in women. Indeed, Craig and White 22 
and Wood* agree that two-thirds of the. cases occur in women As 
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Wood expresses it, “the change of sex and the Jack of khaki uniform 
act as an effective disguise.” The preponderance of Graves’ syndrome 
in women is accepted by all. 

Constitutional factor , — Neuroeireulatory asthenia does not affect per- 
fectly normal persons, nor does it arise dc novo in such. Host ob- 
servers 4 ' c * 10 ’ 22 speak of a constitutional factor. This is evident in the 
extraordinary frequency of familial incidence. Oppenheimer and 
Rothschild 10 found “nervousness, insanity, or epilepsy in the family 
in 45 per cent.” Wood found a higli incidence of psychoneurosis or 
cardiac neurosis as compared to controls. Parkinson* found a family 
history of symptoms similar to those of neuroeireulatory asthenia in 
60 per cent of his cases. This does not necessarily imply that there 
is a genetic factor; far more likely, the transmission to the son is the 
result of environmental background and sensitizing factors. Thus, 
Jones and Lewis 0 found that a large majority of the victims were 
“spoiled” children, and that the horror of war was often inculcated 
by the parents. Wood found that, in childhood, most of the patients 
were delicate, and clung too long to their mothers’ skirts. They were 
filled with apprehension about going to school, and, altogether, the 
case histories suggested that parental influence induced timidity. 

The previous history offers further evidence of the constitutional 
factor in neuroeireulatory asthenia. Most observers agree that the 
majority present a history of either neuroeireulatory asthenia or psy- 
choneurosis before enlisting, often dating back to adolescence. Thus, 
Oppenheimer and Rothschild found, in 75 per cent of their cases, a 
history of either stigmata, previous nervousness, fear, moodiness, a pre- 


vious breakdown, enuresis, frights in childhood, or any of a number 
of other factors. Boas 23 found that the vast majority gave a history 
of nervousness and excitability dating back to childhood, and that 
they could not stand the strain of excitement. They bore a strong 
resemblance to the cases described by Bass and Wessler 2 * in children, 
many of whom had orthostatic albuminuria. Wood 7 expresses him- 
self similarly, and find that ties, bed-wetting, nightmares, and stam- 
mering are common trails, and that a psychiatric diagnosis, such as a 
epression, an anxiety state, hypochondriasis, hysteria, etc., could al- 
vay.s be made. Jones and Lewis” obtained a history of stammering, 
je -wetting, and sleepwalking in about 50 per cent, and nearly two- 
Im s were shy, tense, hypochondriacal, or delinquent. Parkinson 6 
ound that 50 per cent gave a history of symptoms similar to neuro- 
cmmlatoij asthenia before the war, but not sufficient to prevent them 
rom pursuing their sedentary occupations. Observers are unanimous 
m their opinion that these patients are exceedingly sensitive to both 
physical and psychic influences, and are introvert and fearful. There 
are no anthropologic characters that are peculiar to patients with neu- 
roeirculatory asthenia, but most observe rs agree that they are not 
athletic in build, action, or spirit. 
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Taken by and large, there is sufficient evidence of a constitutional 
factor, and the probability is strong that it is phenotypic rather than 
genotypic. 

These constitutional factors of neuro circulatory asthenia parallel 
those of Graves’ syndrome closely. In a previous communication, 20 
one of us pointed out the illuminating significance of a family history 
in Graves’ syndrome. The same malady affects two or more members 
of the family, which is more than the law of averages allows. 20 ' 28 
What is especially striking is that few of the siblings are phlegmatic 
or adjusted folk; psychoneuroses of all sorts, cardiac neuroses, and 
even psychoses 29 are frequent, and the symptoms and signs are iden- 
tical with those of neurocirculatory asthenia. 

One of us also called attention to the fact that Graves’ syndrome 
almost always affects persons of a characteristic psychic make-up. 
They are unusually sensitive and emotional. They respond to their 
environment, whether physical or psychic, like an aeolian harp, and, 
in consequence, feel that their lives have been unusually hard. 
Their emotional range is wide, varying from ecstasy to depression, 
and, indeed, psychoses of this nature are by no means uncommon. 30 ' 32 
Occasionally, one sees what appears to be a phlegmatic person with 
Graves’ sjmdrome, 33 but, when one digs deeper, one finds that it is only 
a mask. This personality long antedates the onset of the disease, even 
back to childhood, and, moreover, persists after the grosser manifesta- 
tions of Graves’ syndrome have subsided. 

These two factors, the familial and the personality, comprise the 
constitution of Graves’ syndrome, and from the study of numerous 
patients from a psychoanalytic viewpoint, 34 we came to the conclusion 
that the influences that engender this constitution are environmental 
or the result of parental over protection, rather than genotypic. That 
a genetic factor plays a role in the development of Graves’ syndrome 
is indicated by the frequency with which Ihe thymicolymphatic con- 
stitution is present. In the Mt. Sinai Hospital, it was found in over 
90 per cent of. our cases in which there was a fatal outcome. Warthin, 35 
in particular, emphasized this factor. Whether this lymphatic con- 
stitution exists in neurocirculatory asthenia, we have no means of 
telling. The relation of this constitution to Graves’ syndrome is not 
clear. Inasmuch as it is well known that persons with the lymphatic 
constitution are unusually sensitive to both psychic and physical stimuli, 
this may act as a sensitizing agent. 

Eo, citing cause. Most observers of neurocirculatory asthenia in the 
army, especially in the present war, emphasize fear as the dominating 
factor in producing the disease. 0 ' 13 ’ 30 The fear is of two kinds: (1) 
sudden, from some harrowing war experience such as gassing, shell 
explosion, etc., or (2) anticipated; Wood and Parkinson found that 
the fear of killing or of being killed was present in the majority of 
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their eases. Highly significant in this connection is the statement of. 
Cohn, 30 who, in his inspection of the base hospitals in the week after 
the armistice, found only rare instances of neurocireulatory asthenia, 
whereas previously they had been common. Parkinson 8 found that 
neurocireulatory asthenia was rare in the Navy and Air Forces, for 
the reason that there is a greater proportion of volunteers in these 
services. In neurocireulatory asthenia of civil life, Craig and White, 22 
in a study of 300 eases, found that psychogenic factors such as anxiety, 
sexual irregularities, an unhappy marriage, pregnancy, menopause, in- 
fections, and operations were frequent precipitating causes. In the 
last World War, some observers believed that neurocireulatory asthenia 
occasionally followed an infection,®' In the present war, comment 
is singularly wanting on this score. Thus, Wood, 7 with his large ex- 
perience, feels that the factor of infection is highly unimpressive, and 
that, when such a history exists, it is the fear engendered by the infec- 
tion rather than the infection itself that is responsible. 

These observations on neurocireulatory asthenia again parallel those 
in Graves’ syndrome. That emotional crises may precipitate an at- 
tack of Graves’ syndrome is well known. Indeed, we have observed 
the malady attain its full fruition within a few days after such a crisis. 
Among the precipitating events, we recall a robbeiy, a fire, the death 
of a close relative (usually a mother), a difficult confinement, a fright- 
ful sexual experience, a sudden economic loss, and an unwanted preg- 
nancy. There was a sudden crop of Graves’ syndrome in Vienna after 
the theater horror in the eighties, and after the San Francisco earth- 
quake. We at the lift. Sinai Hospital have been particularly struck 
with the frequency of Graves’ syndrome among German refugees, so 
that the expression “Hitler Graves’ ’’ has come into vogue. The essen- 
tial ingredients in these emotional crises are surprise and fear. 


Frequently, one does not obtain any history of a surprise shock in 
Graves’ syndrome. In these eases one usually finds reiteration of 
smaller and petty insults, or a new situation to which the patient can- 
not adjust himself, such as an unhappy marriage, a sexual abnormality, 
unrequited love, economic strain, etc. Jn these instances, it is often 
difficult to decide when the transition from the constitutional to the 
florid phase of the disease occurred. In Graves’ syndrome, as well, 
imeetion has often been accused of precipitating an attack, but, in our 
experience, ' as in V ood ’s in neurocireulatory asthenia, it is not the 
infection, but ihe fear induced (even when the infection is trivial) 
that is the significant factor. 


La sol Metabolism. -Thus far, v/e have paralleled neurocireulatory 
asthenia to Graces syndrome. It is now necessary to reverse the 
process because Graves’ syndrome contains certain clinical elements 
'uhieh are usually absent in neurocireulatory asthenia, namely, an ele- 
vated basal metabolic rate, thyroid enlargement, exophthalmos, and 
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response to iodine. Inasmuch as the development of these features 
bears a relation to the evolution of Graves’ syndrome, a discussion of 
the biolog} 7 of this disease is in order. In a previous paper, 20 one of 
us tried to show that Graves’ syndrome does not represent a nosolog- 
ical entity in the sense that it has a well-defined group of signs and 
symptoms and a consistent background in morbid anatomy, but rather 
a series of diseases arranged in biologic sequence that have previously 
received different names. The larval phase is the constitutional stage, 
which has been called Basedowoid, autonomic imbalance, pre-Basedow 
or pre-Graves’, cardiac neurosis, neurasthenia, etc. The signs and 
symptoms resemble those of neurocireulatory asthenia so closely that 
they have often been confused. In the middle phase of the disease, 
at which time thyroid enlargement and perhaps lid-lag have been 
added to the other signs, the malady has been called a forme fruste. 
The final or florid phase consists of the classical quadrad of signs, plus 
an elevated basal metabolic rate, and is conventionally termed Graves’ 
“disease.” Between the initial and final phases one finds various 
groupings of signs and symptoms; one or more of the quadrad of 
signs, such as thyroid enlargement and exophthalmos, may even be 
missing. Graves’ syndrome may be described as a hyperkinetic disease 
in which many of the physiologic functions are exaggerated. Because 
of this evolution and the inconsistency of the signs and symptoms, the 
term syndrome seems preferable. The common denominator in all 
these groups is the type personality described above, and the proof 
of this natural history, or life cycle, is not only the fact that, when the 
opportunity arises (and only the general practitioner has it), one can 
observe such transitions, but also, and more frequently, regressions to 
the larval phase under the influence of either spontaneous remission 
or treatment. The difference between the initial and florid phases of 
Graves’ syndrome is like that between the tadpole and the frog. It is 
still the same animal, but of different shape and habits. 

In most quarters, elevation of the basal metabolic rate is regarded 
as the vital diagnostic difference between Graves’ syndrome and all 
other conditions that simulate it, and for this reason the terms Graves’ 
syndrome and hyperthyroidism have been used interchangeably. We 
believe this is entirely arbitrary, and has perpetuated a fallacy that 
has contributed much to the existing confusion concerning the nature 
of Graves” syndrome. Because the basal metabolic rate is usually 
elevated in Graves’ syndrome, one is not warranted in concluding that 
the patient does not have Graves’ syndrome because the basal metabolic 
rate is not elevated. This error in reasoning is regrettably common in 
clinical medicine. The basal metabolic rate in thyroid disease measures 
onl} the degree of the hyperthyroidism, but Graves’ syndrome comprises 
elements that arc not entirely explained by the elevation of the basal 
metabolic rate alone, and for the following reasons: (1) Patients with 
“spent” or “bnrnt-out” Graves’ syndrome, who reveal the classical 
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quadrad of signs, may possess a basal metabolic rate within the normal 
range. This does not imply that at some previous date the basal meta- 
bolic rate was not high; it probably was, but, clinically, such patients 
cannot correctly be said to have hyperthyroidism. Kessel and Hyman 12 
classify such patients as eases of “autonomic imbalance,” but we believe 
it would be more logical to call the condition “Graves’ syndrome without 
hyperthyroidism.” (2) After subtotal thyroidectomy, when the basal 
metabolic rate becomes normal, many of the clinical manifestations may 
persist for years, even though the patient is economically and socially 
restored. (3) During the larval or middle phases of Graves’ syndrome, 
the basal metabolic rate is usually normal, but when, under an emotional 
strain, the disease assumes a florid form, with a rise in basal metabolic 
rate, are we justified in assuming that a different disease has been bom? 
All we may say is that the patient has acquired hyperthyroidism . (4) 
The administration of toxic doses of thyroid extract to human beings 
mimics, but by no means completes, the clinical picture of Graves’ syn- 
drome. One obtains tachycardia and tremor and even weight loss, but 
no exophthalmos or swelling of the thyroid gland. In animals, Carl- 
son 37 found that excessive doses of thyroid caused only loss of weight, 
gastroenteritis, and diarrhea. (5) Cases in which there are clinical evi- 
dences of Graves’ syndrome associated with myxedema occur, even if but 
rarely. They usually represent exhaustion phenomena. 35 ' 40 Saltier 27 
cites a number of instances in which Graves’ syndrome was engrafted 
on myxedema. Hyperthyroidism , as measured by the basal metabolic 
rale, may be regarded as the most important sign of Graves’ syndrome, 
and it is to the reduction of this rate to normal levels that therapeutic 
efforts are largely devoted. It is a sign of activity comparable to 
fever in infections; when the temperature of a patient with ty- 
phoid fever returns to normal, he has not necessarily lost his disease. 
There is abundant evidence 5 ’ 2r " 33 ’ 4h 42 that Graves’ syndrome is by no 
means a disease exclusively of thyroid origin. The hyperactivity of the 
thyroid gland is only a Jink in the complicated mechanism whereby the 
disease arises, probably by way of the vegetative nervous system, with 
involvement of some of the other endocrine glands as complicating fac- 
tors. The diagnosis of Graves’ syndrome should not be dependent upon 
one or even a group of signs or symptoms, but upon a study of the total 
organ-personality. Evidence is accumulating rapidly that it is a psycho- 
somatic disease 4- " 45 and a disease of the higher civilizations. Host ob- 
servers agree that it is absent in primitive races. 41 ’ 45 Particularly 
illustrative in this connection is the observation that, whereas formerly 
Graves syndrome was extremely rare in Negroes, it is at present by no 
means uncommon, at least in our experience, among northern Negroes. 
H e believe this increase is the result of industrialization and the produc- 
tion of increased conflict that they have acquired in their contact with 
whites. 
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If these points of view are accepted, it renders many of the curious, 
reported inconsistencies concerning the relation of neurocirculatory 
asthenia to Graves’ syndrome understandable. For instance, numerous 
writers 50 ’ 53 report the association of neurocirculator asthenia with 
Graves’ syndrome because symptoms of neurocirculatory asthenia re- 
main after thyroidectomy. In our experience, this is more common 
than is usually estimated. Our interpretation is that thyroidectomy 
does not cause a divorce between two separate diseases, but only be- 
tween the hyperthyroidism and the neurocirculatory asthenia. In 
other words, thyroidectomy simply modifies the clinical picture by 
causing a regression to the larval stage. On the other hand, reports 
of an elevated basal metabolic rate in neurocirculatory asthenia are by 
no means infrequent. The incidence would probably be much more 
common were it not that most observers begin with a prejudice based 
on preconceived criteria of both diseases. As soon as the basal meta- 
bolic rate is found to be elevated the possibility of neurocirculatory 
asthenia is promptly excluded. Peabody, Wearn, and Tompkins 54 re- 
port the results of measuring the basal metabolic rates of 59 patients 
• with “irritable heart of soldiers.” It was within 10 per cent of normal 
in 48 eases, and within 15 per cent in 53. In two cases, it was 60 and 
61 per cent above normal. These were regarded as cases of Graves’ 
syndrome. In three eases the basal metabolic rate was 16 to 22 per 
cent above normal. These latter cases were not regarded as Graves’ 
syndrome. 

A number of observers are puzzled by “borderline” cases between 
neurocirculatory asthenia and Graves’ syndrome, i.e., patients who 
present most of the clinical evidences of Graves’ syndrome, including 
tachycardia, tremor, exophthalmos, and goiter, hut have a normal basal 
metabolic rate. 35 ’ 50 ‘ 52 We believe this quandary would vanish if the 
distinction between hyperthyroidism and Graves’ syndrome were 
recognized. 

Thyroid Enlargement . — That thyroid enlargement is not essential in 
the diagnosis of Graves’ syndrome is attested by the frequency with 
which it is absent. It is difficult to estimate the exact incidence because 
this sign is subject to individual interpretation; according to different 
observers it varies between 25 and 50 per cent. Data in regard to thy- 
roid enlargement in neurocirculatory asthenia vary widely. Thus, Sir 
Thomas Barr 2 found it in all cases of “soldier’s heart;” Kessel and 
Ilyman 12 foiuid it in 72 of their 86 cases of “autonomic imbalance;” 
Brooks, 3 who leaned strongly toward the view that neurocirculatory 
asthenia and Graves’ syndrome are identical, found a prominence of 
the thyroid gland in two-thirds of his cases. Boas 23 and Lewis 6 found 
that 4 per cent of tlie patients in their series had palpable thyroid 
glands. MeCullagh 06 stated that thyroid enlargement occurs often ; 
Crile 18 took a similar view. Kerr and Addis 57 found that the incidence 
of thyroid enlargement in recruits with neurocirculatory asthenia was 
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no higher than in a series of controls. Craig and White 22 found only 
2 per cent with goiters. This wide variability among different observ- 
ers affords opportunity for a number of reflections: (1) The confusion 
in the standards of diagnosis; (2) that the two maladies overlap; (3) 
that different phases of Graves’ syndrome were being observed. Un- 
der any circumstance, the absence of thyroid enlargement in the early 
or neuro circulatory phase of Graves’ syndrome does not exclude the 
diagnosis of Graves’ syndrome, because one sees, all too often, the 
development of goiter in such patients. In other words, it is a later 
sign of Graves’ syndrome. It would be equally valid to claim that, 
when albuminuria arises in the course of essential hypertension, a new 
disease has Been engrafted. The probability is very strong, therefore, 
that Kerr and Addis 57 observed their eases in the larval phase (re- 
cruits), and that Kessel and Hyman 12 saw theirs in the later stages 
(hospital) of the malady. 

Exophthalmos . — As with goiter, exophthalmos is also a symptom of 
the later, often the terminal, phase of Graves’ syndrome. In genuinely 
florid eases, it is occasionally not present at all — according to Rienhoff, 3 *' 
in about 50 per cent. Nevertheless, it is interesting to note that whal 
may be regarded as initial evidences of this sign are frequently seen in 
neuroeirculatory asthenia. Thus, Sir Thomas Lewis' 1 describes, as char- 
acteristic, the look of “frozen fear with wide eves,” and Barr, 2 the larger 
visible area of the sclera. Lewis also admits that “a few developed ocular 
signs.” In the constitutional phase of Graves’ syndrome, one of us has 
described widening of the palpebral fissure and lid-lag as common ac- 
companiments, especially under excitement or even on moderate emotion. 
Kessel and Hyman, 12 in their senes of eighty-six cases of “autonomic 
imbalance, found a von Graefe sign in nineteen and exophthalmos in 
twelve. Brooks" found that exophthalmos was common. Apparently, 
the status of exophthalmos as a differential criterion between ncuroeireu- 
latorv asthenia and Graves’ syndrome depends, like the basal metabolic 
late and thyroid enlargement, upon the phase of the disease in which the 
patient is observed. 

Response to Iodine . — Most observers agree that iodine is of no avail 
in neuroeirculatory asthenia, and, similarly, that it is useless in Graves’ 
syndrome without hyperthyroidism. For this reason, the type of re- 
sponse to iodine in the two conditions, as some claim, 5R * 88 cannot he 
deemed a diagnostic criterion. 

transition of Neuroeirculatory Asthenia to Graves’ Syndrome. — If, as 
we contend, these terms represent the initial and final phases of one and 
the same disease, why is it that most observers of the “irritable heart 
of soldiers” report such transitions but rarely? Rothschild' 10 and Boas 01 
did not see a single instance. There are a number of explanations for 
this discrepancy : (1) That the diagnosis was based upon the absence of 
clinical data rather than on their presence — data which became manifest 
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only in the later stages of the disease. Persons with frank cases of 
Graves’ syndrome were usually not inducted into military seiviee, and 
when, hy chance, they were, they probably were excluded fiom stud) . 
Graves’ syndrome was common enough in the past war, both in military 
and civilian circles, 1 2S > 62 - 67 but, as far as we are aware, no study of this 
disease from the dynamic viewpoint was made. (2) There was insuffi- 
cient follow-up. The only such study of neurocirculatory asthenia that 
is available is Grant’s, 68 who reported the follow-up of 665 patients who 
had been observed in the Colchester Camp for the study of the effort 
syndrome. None developed Graves’ syndrome. This is hardly surpris- 
ing in view of the fact that they had been noncombatants and the war 
had ceased. This leads to the third explanation. (3) That the malady 
lost its momentum because the stimulus, fear, was eliminated by the 
cessation of the war, and protective mechanisms (institutionalization) 
were invoked. This factor is, by all odds, the most likely. As circum- 
stantial evidence, we cite again the statement of Cohn, 30 who, in the 
week after the armistice, found neurocirculatory asthenia rare, whereas 
it had previously been common ; in addition, we wish to call attention to 
the sudden diminution of articles on neurocirculatory asthenia in the 
Index Medians after the cessation of hostilities, and the sudden rise with 
the onset of the present war. Curiously, nearly all of the reported cases 
in which such transitions were noted are in the literature concerning 
neurocirculatoiy asthenia in civil life, 18 ’ 50 ’ 53t 56 which can only mean 
that these observers were in a better position to recognize transitions. 

The following eleven cases, observed in the Mt. Sinai Hospital during 
the past eight years, are reported. In our opinion, the number of cases 
is significantly large when we consider that they occurred in a hospital 
where transitions perforce cannot be observed as frequently as in private 
practice. The number is too large to be subject to the mere law of 
chance. We would undoubtedly have been able to report many more 
instances of transition had we been less rigid in our interpretation of the 
previous history, in which, although the clinical evidences of neurocircu- 
latory asthenia were patent, basal metabolic readings were unavailable. 
The main reason transitions are not more frequently seen is the protec- 
tion that envelops the patient as soon as the diagnosis of neurocircula- 
tory asthenia is made. He is more or less shielded from, and rendered 
less amenable to, tribulation. 


KErORT OF CASES 


H. L. (Adm. No. 374074) was admitted to the hospital in December 
1934, with a well-defined Graves’ syndrome. She had been under the 
observation of one of us since 1925 because of classical neuroeircula- 
tory asthenia. She had been very "nervous throughout her youth and 
with the advent of adolescence, was subject to frequent crying- spells’ 
baseless apprehension and frequent attacks of palpitation.' She mar- 
ued at 23 years but her husband’s long absences and suspected in- 
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fidelities increased her instability. The birth of her only child, when 
she was 25 years old, brought complete absorption, with some recession 
of her symptoms. When, however, the child was old enough to go to 
school the enforced loneliness brought a marked exacerbation of the 
palpitation, sweats, and breathlessness. When first seen by us she 
presented a flushed facies, a very labile pulse rate and blood pressure, 
extreme hyperreflexia, and a marked anxiety state. Aside from its 
rapidity, the heart disclosed no abnormality; no murmurs were audible 
and the electrocardiogram was negative. There was slight, diffuse 
enlargement of the thyroid. The basal metabolic rate ranged from 
minus 10 per cent to plus 8 per cent. Sedatives and superficial psycho- 
therapy, with some degree of cooperation on the part of the husband, 
brought temporary improvement. She was admitted to the Sydenham 
Hospital in June, 1931, where all investigations were negative and the 
basal metabolic rate was minus 6 per cent. With sedatives and rest in 
bed, the pulse rate became stabilized at 70. She was discharged with 
the diagnosis of neurocirculatory asthenia. In the latter part of 1933. 
she was deserted by her husband, and was forced to go on relief. Loss 
of weight, increasing nervousness, bulimia, increase in the size of the 
thyroid, and intense intolerance to heat appeared. She then presented 
the picture of Graves’ syndrome, with exophthalmos, tremor of the 
fingers, a persistently rapid pulse, increased pulse pressure, and a 
markedly enlarged thyroid gland. The basal metabolic rate was plus 
55 per cent. She was admitted to the Mf. Sinai Hospital in December, 
1934, and had several brief attacks of paroxysmal auricular fibrilla- 
tion during treatment with iodide. A two-stage subtotal thyroidec- 
tomy was performed, and the histologic appearance was that of a "fol- 
licular colloid adenoma with areas of hyperplasia.” The symptoms 
and signs ascribable to the Graves’ syndrome subsided rapidly. The 
emotional instability, pulse lability, and breathlessness are still present, 
with prompt accentuation under stress. The basal metabolic readings 
have remained normal until the present time (December, 1942). 

W. Me D. (Adm. No. 388170), a 30-year-old, married, billing clerk, was 
admitted to the Mt. Sinai Hospital Dec. 26, 1935, complaining of pre- 
cordiaJL oppression, nervousness, palpitation, and fatigability which, al- 
though present since early youth, had in the preceding eight months 
become considerably increased; additional recent symptoms were 
tremor, bulimia, and a loss of 20 pounds in weight. 

He gave the following personal history when he first consulted the 
referring physician in 1928. He was the only child of apparently 
otalJy m ism a tod parents, and his mother was twelve years his father’s 
senior. His childhood was very unhappy: his mother was totally un- 
sympathetic and manifested her resentment of him in a great many 

ays. Jhe care of his father, who was rapidly becoming blind, fell 
entirely on the boy. At 13 years of age, after a rapid succession of 
conflicts at home, he first noted breathlessness, pounding of the heart, 
and nagging precordial sensations. He attended a commercial high 
sc lool, but v as compelled to leave six months before graduation and 
inc a job, because his father was no longer employable. He became a 
■jookkeeper m an uncle’s business, but keenly felt his inability to com- 
plete school. He hated his work, and even minor responsibilities pro- 
duced a sense ol panic. Constantly criticized and frequently berated 
b> ins uncle, the attacks of breathlessness and palpitation became more 
xrequent. A love affair, at 22 years of age, was finally terminated by 
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the o'irl’s parents after several years because of religious differences ; 
her marriage, shortly thereafter, to another induced a profound a 1 
prolonged depression; he became totally disinterested in his suiTcnind- 
ings. The cardiac symptoms increased m seventy, and foi se ei<l 
months he did not venture from his home. A physician assured him 
that he had no evidence of heart disease, and suggested rest m the 
country, which brought temporary improvement. Repeated basal me- 
tabolism measurements ranged from minus 10 per cent to plus b pel 
cent. He then secured a position as a billing clerk, which he still 
holds. He has since condemned himself bitterly for not having left his 
family sooner. At 28 years he married, after a brief courtship, but it 
brought him neither kindness nor understanding. Within the first 
year of marriage his mother died of gangrene of the extremities, his 
father committed suicide, and his wife bore a child which she did not 
want. The discord which marked his marriage abetted his sense of 
inadequacy. His sexual adjustment was poor. 

About eight months before entering the hospital, his symptoms in- 
creased, palpitation became almost constant, intolerance to heat be- 
came pronounced, there was a marked tremor of the fingers, and he 
lost 20 pounds in weight despite the fact that he maintained his ap- 
petite. On examination he presented the classical picture of Graves’ 
syndrome. He was hyperkinetic and asthenic. There were a distinct 
stare, moderate exophthalmos, and a fine tremor of the fingers. The 
pulse rate, although labile, rarely fell below 100 beats per minute. 
A distinct bruit and thrill were present over the diffusely enlarged 
thyroid. The heart sounds were dynamic ; the systolic blood pressure 
was 146, and the sounds were audible down to 0. The skin was moist, 
the palms were warm, and there was a marked tache. Thrills were felt 
along the larger peripheral vessels. The basal metabolic rate was plus 
59 per cent, but fell after treatment with iodide, to plus 22 per cent 
within ten days. Thyroidectomy was performed, with the removal of at 
least seven-eighths of each lateral lobe. The postoperative course was 
smooth, and, on discharge, the basal metabolic rate was plus 2 per cent 
and the blood pressure was 120/76. The pathologic specimens disclosed 
“ (1) hyperplastic thyroid, as seen in Graves’ disease, and (2) a small 
piece of parathyroid and thymic tissue.” 

He was observed at frequent intervals until the present time (No- 
vember, 1942). Although the symptoms and signs of Graves’ syndrome 
have completely disappeared, he reverted to the status preceding the 
onset of thyrotoxicosis. Emotional instability persists, as well as the 
cardiac sensations, tachycardia, flushing, apprehension, and hyper- 
hidrosis ; fatigability on even slight effort is pronounced. Repeated 
measurements of the basal metabolic rate have been normal. 

D. F (Adm No 406769), a 47-year-old housewife, was admitted to the 
hospital April /, 193/, with a. history of extreme nervousness since early 
youth. 1 ague precordial oppression, dyspnea, and palpitation would 
appear under any emotional stress. In the preceding ten years, her 
nervousness and excitability had increased considerably About ten 
months earlier the patient had witnessed a robbery, which produced an 
hystenca 1 state with recurrent phobias and anxieties; she was compelled 
to remain m bed for several weeks. Crying spells were freauent tS 

Karsts ^ 

and repeated examinations, including basal metaMie mdfngs “S 
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negative. Because of trembling of the right arm of four months’ dura- 
tion, Parkinsonism was considered, and she was admitted to the Neuro- 
logical Sendee. 

On examination, she was short and squat. The neurologic status 
proved to be entirely normal, and the trembling of the right arm, which 
soon disappeared, was interpreted as a manifestation of conversion hys- 
teria. Thei’e was a firm, grape-sized nodule in the right lobe of the 
thyroid. The pulse rate was 68 ; the blood pressure was 130/80. The 
heart disclosed no abnormality. She presented a flushed facies, mottling 
of the neck and chest, and marked sweating of the hands and feet. 

.After her discharge from the hospital, she was carefully followed, and 
the anxiety state persisted ; any emotional crisis would precipitate 
breathlessness, precordial oppression, sweating, and palpitation. 

In November, 1938, she began to lose weight, her appetite increased, 
and her previous symptoms were accentuated. The death of her mother, 
after thyroidectomy, shortly before her readmission to the hospital, on 
May 8, 1939, added to her apprehension. On examination she presented 
a well-defined Graves ’ syndrome, with exophthalmos, marked bilateral 
tremor of the fingers, persistent tachycardia, bulimia, and a weight loss 
of 22 pounds. Urinary frequency and diarrhea were pronounced. The 
basal metabolic rate was plus 46 per cent. "With iodide treatment, the 
pulse rate fell from 120 to 70 and the basal metabolic rate to plus 14 
per cent. Subtotal thyroidectomy was performed seventeen days after 
admission, and histologic study revealed a “hyperplastic thyroid with 
areas of colloid, as seen in Graves’ disease.” The thyrotoxic symptoms 
rapidly subsided after operation. She was not followed therafter. 

L. H. (Adiri. No. 441026), a 40-year-old German refugee physician, was 
admitted to the hospital A fay 6, 1.939, with Graves’ syndrome. During 
the preceding five months there had been increasing enlargement of the 
neck, a loss of 30 pounds in weight, extreme nervousness, tremor, palpi- 
tation, and bulimia. 

Since early youth, he had been very introspective, easily frightened, 
and apprehensive. In high school he would experience violent palpita- 
tion and dyspnea when called upon to recite or during examinations. He 
was told that, when frightened, his skin would assume a subiel eric hue. 
With the advent of the Hitler regime bis symptoms became more pro- 
nounced, with almost constant palpitation, precordial oppression, fatiga- 
and irritability. Holidays and sedatives would bring transient 
relief. The basal metabolic rate was normal on several occasions. 

9 11 . . f r’ :arn > n ati on he was hypermotile, and there were a distinct stare 
and bd-Jag. The left robe of the thyroid was enlarged to the size of 
a lemon. The heart rate varied from 96 to 110 beats per minute. The 
mood pressure was 146/68. The spleen was enlarged 2 fingerhreadths 
below the free border of the ribs. A chest roentgenogram disclosed mod- 
erate extension of the thyroid into the left upper part of the mediasti- 
nuim The basal metabolic reading on admission was plus 40 per cent, 
and iclL to plus 12 per eenl after nine days of treatment with iodide. 
Subtotal thyroidectomy was performed, and histologic examination dis- 
closed a hyperplastic thyroid, as seen in Graves’ disease. The post- 
operative course was uneventful. 

The picture of neurocireulatory asthenia has not, however, been sig- 
nificantly altered, and he still responds to difficult situations with palpi- 
tation, precordial oppression, fatigability, and, at times, dyspnea. 
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Mrs. B.B. (Acini. No. 414655), a 59-year-old mother of two children 
came under our observation in 1924, at the age of 41. She complained 
of a peculiar aching sensation in the precordium, palpitation, hyperhi- 
drosis, and apparently baseless crying spells. Similar symptoms had 
been present since early childhood. She recalled that, when nei fat er 
died suddenly when she was 6 years old, her mother made a constant 
companion of her, and she was subsequently entrusted with most of the 
household duties and care of the other children. These responsibilities 
often engendered a sense of inadequacy and panic, accompanied by trem- 
bling, sweats, and pounding of the heart. She would weep because of 
fancied slights, a tendency which persisted even after what was . appar- 
ently a very happy marriage. Frequent examinations never disclosed 
any evidence of disease. The hands were constantly moist, cool, and 
bluish; the resting pulse rate was 72, and the basal metabolic rate varied 
from minus 10 per cent to plus 5 per cent. Her blood pressure fluctuated 
widely; it would reach 160/100, but promptly fall to normal on recum- 
bency. "When any member of her family fell ill her symptoms would 
multiply, with almost constant palpitation, preeordial oppression, and 
dyspnea. A small thyroid adenoma appeared after the birth of her 
second child, when she was 24 years old, but never seemed to increase 
in size. Repeated cardiovascular studies failed to disclose any evidence 
of disease. The advent of the menopause at 49 years somewhat ac- 
centuated her vasomotor instability. 

In October, 1926, she began to lose weight in spite of a tendency 
to bulimia. The heart rate rarely fell below 110, even during sleep, 
and the pulse pressure rose. A slight stare and lid-lag appeared. The 
basal metabolic rate was plus 48 per cent. In deference to her dread 
of operation, palliative measures were instituted, with temporary re- 
mission of symptoms, and the basal metabolic rate fell to plus 24 per 
cent. This was only transient, however, and, with the return of a 
severe Graves 7 syndrome, subtotal thyroidectomy was performed Oet. 
6, 1937. The postoperative course was uneventful, with rapid diminu- 
tion of the nervousness, hyperactivity, tremor, tachycardia, and 
bulimia. She promptly regained her lost weight. 

During the last five years she has been under careful supervision, 
and there has been no return of the Graves’ syndrome. The emotional 
instability and other symptoms identified with the neurocirculatory 
asthenia that she manifested prior to the appearance of the hyper- 
thyroidism persist unchanged. 

T. L. (Adm. No. 430214), a 35-year-old housewife, was admitted to the 
hospital (Dr. Baehr’s service) Sept. 29 1938, at which time a diagnosis 
of neurocirculatory asthenia and anxiety neurosis was made. She 
had always been intensely sensitive, and had been subject to attacks 
of weakness, breathlessness, and palpitation since adolescence At the 
age of 24 years, shortly after the birth of her second child she had a 
severe “nervous breakdown, 77 and was in bed for a month. Profound 
weakness, persistent palpitation, and hyperhidrosis persisted until she 
secured relief after a sojourn in the country. During the preceding 
four years, paipUation became more frequent, and appeared after but 

S S - and la ? ted aS io ? g as three }l °urs. The attacks began sud- 
denly with irregular pounding of the heart and frequent sharp pre- 
coidial pain radiating to the interscapular region. In the intervals 
between attacks, she was unable to concentrate.^ She experienced aen 
eialized body tremors and was asthenic. There were also recurrent 
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attacks of dyspnea, suggesting “sighing respiration,” which were un- 
related to the palpitation, and appeared chiefly when she was at rest. 
Diffuse sensations of warmth, followed by profuse sweating and chills, 
occurred several times daily. Excitement or fear, induced by trifling 
incidents, would precipitate severe diarrhea. Repeated measurements 
of her basal metabolic rate, made largely at the insistence of the pa- 
tient because her mother had had Graves’ syndrome, ranged from 
minus 10 per cent to plus 12 per cent. On examination she was some- 
what apathetic. There was no exophthalmos or lid-lag. There was no 
tremor of the fingers. There was slight, diffuse enlargement of the 
thyroid. The pulse rate was labile, varying from 110 to 68. The heart 
sounds were loud and booming. The basal metabolic rate was plus 5 
per cent. Psychiatric consultation disclosed the fact that she was an 
emotionally immature person who was almost completely dependent on 
her mother in spite of her marriage of eighteen years. She had never 
quite recovered from the trauma of her mother’s death four years 
before. It was felt that there was a distinct psychogenic coloration to 
the attacks of dyspnea and palpitation, for they subsided promptly 
when she was relieved of her household responsibilities. Further ob- 
servation in the hospital failed to disclose any evidence of organic 
disease. The pulse rate became slow, the tremor disappeared, and 
there was no heat intolerance. Subsequent basal metabolic readings 
varied from plus 12 per cent to minus 10 per cent. 

After her discharge from the hospital there was some amelioration 
of her symptoms; she gained weight and the attacks of tachycardia 
and breathlessness diminished both in frequency and intensity. She 
was carefully observed in the Out-Patient Department, and appeared 
to respond well to superficial psychotherapy. In the light of her 
patently improved status, the case was finally closed in January, 1940. 

In June, 1940, almost immediately after a severe nervous shock, the 
nature of which she refused to disclose, her diarrhea returned and she 
had as many as eight movements a day; palpitation, precordial pain, 
intense nervousness, and an inordinate increase in appetite and ex- 
treme weakness appeared. The basal metabolic rate was plus 36 per 
cent. On readmission to the hospital on Aug. 16, 1940, she presented 
marked exophthalmos, tachycardia, with a constant rate of 110, ex- 
treme nervousness, and a blood pressure of 160/90. It was felt by the 
staff that she had Graves’ syndrome, and, after preliminary iodide 
treatment, with a fall in the basal metabolic rate to plus 3 per cent, a 
subtotal thyroidectomy was performed. The resected gland was re- 
ported^ as “hyperplastic thyroid, as seen in Graves’ disease in a colloid 
phase. The thyrotoxic symptoms diminished rapidly after operation. 

She has been followed at intervals of a few months until the present 
time. Although she has gained twelve pounds in weight and the 
tremor, bulimia, and pulse rate lability have disappeared, the heart 
consciousness, sighing respiration, and precordial awareness persist. 

R. S. (A dm. No. 434778), a 36-year-old housewife, came under the ob- 
servation of one of us in 1934, complaining of nervousness, palpitation, 
fatigability, and sweating, particularly under emotional stress. Al- 
though these symptoms had been present to a variable degree since 
adolescence, economic reversals after marriage and the care of two 
children with behavior problems accentuated her instability. In early 
youth she had several attacks of syncope, induced bv either pain or 
fright. Two attacks of rheumatic fever, the first at 35 years and the 
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second at 26 years, necessitated many months in bed, but there was no 
complicating valvular disease. Repeated assurance that hex heai y> as, 
not affected scarcely diminished her apprehension and introspection. 
On examination, she presented a flushed facies and mottling ot the 
neck and chest.’ The heart rate was labile and the sounds dynamic. 
The blood pressure was 118/84. The palms were cool and moist. 
Fluoroscopically, the cardiac configuration was normal, and the elec- 
trocardiogram was negative. The basal metabolic rate was minus 8 
per cent. She was seen on several occasions in the next three yeais 
without any change in the clinical picture except for rapid improve- 
ment during vacations; the basal metabolic rate remained below nor- 
mal. Therapy was limited to suggestion, reassurance, and sedatives. 

About six months preceding admission, her husband ’s refusal to con- 
sider having another child led to an estrangement. Her symptoms 
rapidly increased, palpitation became almost constant, enlargement of 
the neck appeared, and, despite increased appetite, she lost 10 pounds 
in four months. 


She was admitted to the Hospital Jan. 11. 1938, with a classical 
Graves’ syndrome. There were distinct exophthalmos, tremor of the 
fingers, hypermotility, a diffusely enlarged thyroid, and a basal meta- 
bolic rate of plus 44 per cent. The heart rate rarely fell below 110 
beats per minute. The blood pressure was 156/84. The electrocardio- 
gram disclosed the prominent P and T waves of Graves ’ syndrome. 
The palms were warm and moist. With iodide treatment the basal 
metabolic rate fell to plus 12 per cent, and a subtotal thyroidectomy 
was performed. Histologic examination disclosed a "hyperplastic 
thyroid, as seen in Graves’ disease.” The postoperative course was 
smooth, and the symptoms of hyperthyroidism subsided rapidly. 


She has been seen at four-month intervals. The basal metabolic rate 
has varied from minus 12 per cent to plus 4 per cent. Although she 
has had a complete reconciliation with her husband, the nervous in- 
stability, intermittent palpitation, fatigability, and heart conscious- 
ness that she manifested before the onset of the Graves’ syndrome per- 
sist without significant change. 


R. A. (Adm. No. 453642), a 25-year-old, married schoolteacher, con- 
sulted one of us in January, 1937, because of recurrent attacks of 
breathlessness, precordial oppression, palpitation, nervousness, and 
sweating. Nervous instability and intermittent anxieties had been pro- 
nounced since early childhood ; she had been taken to numerous physi- 
cians who succeeded only partly in assuaging her fears that her heart 
was diseased and that death was imminent. Sighing respiration per- 
sisted through adolescence, but diminished when she was married at 
the age of 19 years. With the advent of pregnancy. 3 years before all 
of her earlier symptoms returned with great intensity, but were 
abruptly terminated by the birth of a normal child. In the next two 
years, however, her child’s many illnesses, a very difficult school class 
i ^ er . husband s loss of his position induced a severe exacerbation 
ot her instability. In spite of a diminished appetite, her 'weight re- 
mained stationary. On examination, she appeared well nourished but 
extremely apprehensive, and showed a well-defined autonomic imbal- 
ance. The pulse rate varied from 150 to 90; the palms were cool and 
moist ; there was moderate, diffuse fullness of the thyroid ■ the heart 
sounds were dynamic, and the deep tendon reflexes hyperactive the 
basal metabolic rate was minus 6 per cent. In spite of reassurance 
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persuasion, and sedatives, her symptoms persisted, presumably because 
of increasing economic burdens and the severe illness of both her par- 
ents. Paroxysms of tachycardia, with the heart rate reaching 160 per 
minutes, were precipitated by even mild irritation. These attacks were 
often promptly terminated by her physician’s reassurance. Measure- 
ments of the basal metabolic rate, which were made frequently, largely 
because of the patient’s insistence, varied from minus 10 per cent to 
plus 4 per cent. 

In January, 1940, weight loss became evident, her appetite suddenly 
increased, and the resting pulse rate, which was previously about 70, 
rarely fell below 100. A distinct stare and a fine tremor of the fingers 
appeared. In the space of six weeks she lost 12 pounds and noted ex- 
treme intolerance to heat. The basal metabolic rate was plus 32 per 
cent. There had been amenorrhea for two months. There was a 
marked skin taclie, and the palms of the hands, previously cold and 
moist, became quite warm. The thyroid had enlarged considerably and 
was firm. She became pregnant in February, 1940, and was admitted 
to the Mt. Sinai Hospital March 12 for a therapeutic abortion because 
of active Graves’ syndrome. A few hours after admission she aborted 
spontaneously. Iodide treatment was begun one week thereafter, and 
a subtotal thyroidectomy was performed April 6. Histologic study of 
the resected gland disclosed “hyperplastic thyroid, as seen in Graves’ 
disease in the colloid phase.” Convalescence was uneventful, and she 
was discharged to a rest home a week later. 

She has been seen at frequent intervals since her discharge from the 
hospital. The basal, metabolic rate is persistently normal. Although 
she presents none of the residua of the Graves’ syndrome, the emo- 
tional lability, unstable pulse rate, heart consciousness, and hyper- 
hidrosis persist. 

S. S. (Adm. No. 456692), a 45-year-old German refugee housewife, was 
admitted to the hospital May 14, 1940, and, after a week’s observation, 
diagnoses of neurocirculatory asthenia anxiety neurosis, psoriasis, and 
a possible anginal syndrome were made. She had been nervous since 
childhood,, and had responded to difficult situations with palpitation 
aiid sweating. Dyspnea on exertion was first noted five months before 
admission., and was accompanied by mild precordial pain. Since eom- 
1U -F 1 .^? e °un 1 ry she had been compelled to do domestic work in 
addition to taking care of her own household. She was greatly con- 
cerned over a brother who was stranded in Europe. On examination 
s le presented a moderately labile, variable pulse rate. A soft systolic 
mui min- was audible over the pulmonic area. The edge of the liver 
vaslet one fingerbreadth below the costal margin. There were many 
scattered psoriatic lesions on the skin. Several basal metabolic read- 
ings varied from plus 4 per cent to minus 10 per cent. Psychiatric 
eonsu tation indicated that anxiety played the dominant role in her 
i ness, biie was approaching the menopause, was burdened with the 
usual problems besetting refugees, and she worried lest she develop 
xraves disease, as her mother had done. The heart did not show any 
evidence of disease. 

After her discharge from the hospital she showed moderate improve- 
ment fot several weeks. Further psychic trauma, however, soon in- 
duced a return of all her former symptoms, with such additional com- 
plaints as an increased desire for food, persistent palpitation, constant 
nervousness, prominence of the eyes, and enlargement of the neck. She 
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was readmitted to the hospital Aug 20 1940 with the unmstakable 
picture of Graves ’.syndrome. The basal metabolic rate was plus 54 
per cent The thyroid was diffusely enlarged. A loud systolic murmur 
was audible over the entire precordium. The blood pressure was 
154/70. After fourteen days of iodide treatment, the basal metabolic 
rate fell to plus 9 per cent, and a subtotal thyroidectomy was per- 
formed. The pathologic report was “hyperplastic thyroid, as seen in 

Graves’ disease in the colloid phase.” 

Although disappearance of the thyrotoxic symptoms was rapid, the 
emotional instability was not significantly affected. Intermittent palpi- 
tation, flushing, and fatigability varied with the degree of her economic 
and social stability. She was readmitted to the hospital Jan 6, 1941, 
for the removal of a lipoma of the breast. She presented a well-defined 
picture of neuro circulatory asthenia. The basal metabolic rate was 
minus 6' per cent. 

H. F. (Adm. No. 458510), a 48-year-old married tailor, was admitted 
to the hospital Aug. 18. 1940, with the classical picture of Graves’ syn- 
drome. He first consulted one of us in March, 1934, at which time he 
complained of extreme nervousness, palpitation, sweating, fatigability, 
and aching precordial sensations, chiefly when under emotional stress. 
Two nervous breakdowns within the preceding five years induced pro- 
longed incapacity. Marked nervous instability had been present since 
early youth. His environmental adjustments had been uniformly poor. 
His mother died in an institution for the insane, and he constantly 
dreaded a similar fate. He had never been able to earn a satisfactory 
livelihood. For more than eight years, he and his wife lived in fur- 
nished rooms and ate in cheap restaurants. During his “slow” seasons 
his symptoms diminished, only to be aggravated when he was com- 
pelled to work hard. 

AYhen first seen he presented a flushed facies, labile pulse rate, and 
hyperhidrosis ; the examination was otherwise negative. The basal 
metabolic rate was minus 4 per cent. He was considered to be suffer- 
ing from neurocireulatory asthenia, and was treated with reassurance, 
encouragement, and sedatives, occasionally. Improvement was variable, 
but he responded, as a rule, to superficial psychotherapy. He was seen 
at frequent intervals in the following six years, during which there was 
but little change in the clinical picture. Several basal metabolic read- 
ings were normal. 

About eight months preceding admission he sustained a severe nervous 
shock, which was soon followed by a- distinct change in his symptoms. 
Nervousness and palpitation became constant, a poor appetite was re- 
placed by actual bulimia, he lost 15 pounds in weight, and intolerance 
to heat became pronounced. Substernal pain was induced by even mild 
exertion. On admission, he presented a distinct stare and lid-lag. The 
heart rate was 124 beats a minute. A plum-sized adenoma of the left 
lobe of the thyroid was continuous with a substernal extension, as re- 
vealed by roentgenogram. A harsh systolic murmur was audible at the 
apex. The basal metabolic rate was plus 32 per cent. With iodide 
therapy the rate fell to plus 10 per cent, and a subtotal thyroidectomy 
was performed. Histologic study of the. resected gland* disclosed a 

hyperplastic thyroid, as seen in Graves’ disease.” Improvement after 
operation was very rapid, with prompt disappearance of the hyperthy- 
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H. B. (Adm. No. 459771), a 40-year-old retail shoe dealer, entered the 
hospital July 13, 1940, with the classical picture of Graves’ syndrome. 
He stated that he had been highly impressionable and sensitive since 
early childhood, rarely entered into the activities of his schoolmates, 
and was largely asocial. Shortly after his marriage, eight years before, 
nervousness and irritability became more pronounced. Attacks of emo- 
tional instability, accompanied by pounding of the heart, precordial 
oppression, and moderate dyspnea were precipitated by even minor 
conflicts or irritations; constipation was pronounced. He was studied 
by several physicians, but failed to find comfort in their negative 
examinations. Repeated basal metabolic readings were normal. In the 
preceding four years his complaints were persistent. In the last year, 
however, longstanding, stubborn constipation was replaced by a tend- 
ency to frequent and loose evacuations. Three months prior to ad- 
mission to the hospital, he took over Ihe added responsibilities of a 
larger business which necessitated gruelling work and long hours. He 
then noted rapid weight loss, persistent palpitation and dyspnea on 
but slight exertion, increasing nervousness, and enlargement of the 
neck. Prominence of the eyes had been but recently noted. The basal 
metabolic rate was plus 54 per cent. 

On examination, he was hyperactive, with a distinct tremor of the 
fingers, a resting pulse rate of 110, a marked stare, and enlargement 
of the left lobe and isthmus of the thyroid. Aside from the tachy- 
cardia, cardiovascular studies were negative. Psychiatric investigation 
disclosed a frustrated, unhappy man, profoundly depressed by his in- 
security and illness. With iodide therapy and sedatives, the basal 
metabolic rate fell from plus 46 per cent to plus 18 per cent, and a sub- 
total thyroidectomy was performed. Histologic study of the resected 
gland revealed a “hyperplastic thyroid, as seen in Graves’ disease in 
the colloid phase.” 

He has been seen subsequently at frequent intervals. Although the 
basal metabolic readings have been consistently below normal (minus 
4 per cent to minus 10 per cent), and there are no residual signs of the 
Graves’ syndrome, the nervousness, palpitation, and dyspnea that he 
had experienced for many years preceding the onset of the disease 
have persisted without interruption. 


SUMMARY 

All evidences point to the ps 3 r chosomatic nature of neuroeirculatory 
asthenia. Neuroeirculatory asthenia is by no means a disease incidental 
to war, and it is more common in women than men. Viewed from lhe 
dynamic and biologic aspects of Graves’ syndrome, lhe similarity be- 
tween neuroeirculatory asthenia and the initial or larval phase of Graves 
syndrome is so close that we believe the two are kb ntieal. Transitions of 
neuroeirculatory asthenia to Graves’ syndrome and the reverse are by 
no means uncommon. Eleven such instances are reported. 
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FURTHER OBSERVATIONS ON THE DEEP Q 3 OF THE 
ELECTROCARDIOGRAM 

Annie Mary Lyle, F.A.S., F.A.I.A. 

Newark, N. J. 

P ARDEE, several years ago, raade a distinct contribution to clinical 
electrocardiography by directing attention to the deep Q 3 . The 
criteria set up by him were as follows : 

I. Q 3 must be at least 25 per cent of the largest excursion of QRS 
ill any lead. 

2. The record must not show right axis deviation. 

3. R 3 must be present and S, absent. 

4. QRS n must not be M- or W -shaped. 

The original observations were made on persons who had, or were 
suspected of having, organic heart disease, as were also the studies that 
shortly followed. Soon afterwards, however, clinicians everywhere began 
to find deep Q 3 J s in the electrocardiograms of many persons who had no 
other evidence of heart disease, and came gradually to the conclusions 
that a high position of the diaphragm is a more important factor than 
had at first been supposed, and that a deep Q 3 is found in many cases in 
which there is no heart disease. This led, naturally, to efforts to dis- 
tinguish between pathologic and positional deep Q 3 ! s, which continue to 
the present time. 

Some clinicians consider a deep Q 3 unimportant if it diminishes or dis- 
appears on deep inspiration, on the theory that, if it is so changed by the 
descent of the diaphragm, it must be due to position. Others consider 
it pathologic despite this variation, believing that any deep Q 3 can be 
made to disappear if the heart, by a change in position, can be brought 
into the proper relation to the electrodes. 


Some clinicians place the chief emphasis on Q 2 . If Q 2 is small or 
absent, they feel that Q 3 is probably of no significance. If Q, is rela- 
tively large, they consider Q 3 pathologic. 

Another sign that has been used as a means of distinction is the tiny 
upward deflection, measuring 1 mm. or less, that sometimes precedes 
the downward deflection in Lead III. In the beginning, the weight of 
opinion seems to have been that a downward deflection that is preceded 
by a m inimal upward deflection, either constantly or intermittently 
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throughout the record, is not a Q wave. Then, more and more observ- 
ers came to be of the opinion that an upward deflection in some com- 
plexes does not take the subsequent downward deflection out of the Q 
class, and they fixed upon the rule that, if more than half the com- 
plexes are without the initial upward deflection, the downward deflec- 
tion is still to be considered as a Q wave. Now, if one can judge from 
the illustrations in their latest books, some authorities ignore the up- 
ward deflection entirely, even if it occurs in every complex, and call all 
of the subsequent deflections Q waves. 

DIFFERENTIATION' BY UNIPOLAR EXTREMITY LEADS 

More recently, Wilson has given us a new approach to this problem 
by the work he has done on unipolar extremity leads. 

These leads are made by using the central terminal developed by Wil- 
son and his associates as the distant electrode, and placing the exploring 
electrode on each of the three standard lead points, in turn — the right 
arm, the left arm, and the left leg. 

The advantage of unipolar leads is that the exploring electrode meas- 
ures potentials from zero, the potential of the central terminal. Conse- 
quently, a downward deflection, a Q or an S wave, means absolute nega- 
tivity of the exploring electrode, and an upward deflection, an II wave, 
means absolute positivity. In contrast, the standard leads are bipolar 
leads, made with two electrodes equally capable of receiving impulses, 
and measure the difference in potential between those electrodes, so that 
positivity and negativity are relative. In the standard leads, Q, It, and 
.S are merely descriptive terms without reference to origins. 

The unipolar extremity leads combine in make up the standard leads, 
as follows: 

Lead I = Vj. - Yu 
Lead II = Y y - V« 

Lead III = V K - V*. 

where minus means add the mirror image, that is, turn the curve, on 
the isoelectric line as an axis, through a 180 ° angle, and add. 

Wilson's application of the unipolar extremity leads to the problem 
of the deep Q, rests upon the fact that the ventricular cavity is negative 
throughout systole. He has demonstrated this by experiments on dogs, 
in which he thrust a stab electrode, insulated except at its tip, through 
the ventricular wall and took leads from inside the cavity. The QES 
complex obtained in this way is monophasie and negative. 

The negativity of the cavity may be seen in the normal electrocardio- 
gram in the QES complex of V K , because, as the heart lies in situ, the 
right arm is opposite the base and receives the cavity effects through the 
valvular orifices. The QRS complex consists of a large downward de- 
flection with, perhaps, a tiny upward deflection at the beginning or end 
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or both, representing a small positive disturbance from the sides. An 
infarct that involves the entire thickness of the ventricular wall pro- 
duces no electrical currents: it is equivalent to creating another orifice. 
The cavity effects come through this orifice to produce a downward de- 
flection, a Q wave early in systole. A posterior infarct, since it is turned 
toward the foot, produces a Q wave in V F . An anterior infarct produces 
a Q wave in V L . 

Reference to the equations mentioned previously makes it clear why the 
q wave in a case of posterior infarction shows in Leads II and III, and 
in a ease of anterior infarction in Lead I. Vf enters positively into the 
equations for Leads II and III, that is, without inversion, so that a Q 
wave in Vf remains a downward deflection, a Q wave, in Leads II and 
m. V L enters positively into Lead I, and its Q wave shows as a Q 
wave in Lead I, but it does not show in Lead III because Vr. enters 
negatively into Lead III, and its Q wave becomes an upward deflection, 
an R wave, according to the descriptive terminology. 

By the same reasoning it is clear that an initial downward deflection 
in Lead III may result either from a downward deflection in Vf or from 
an upward deflection in V L turned upside down. Herein lies the con- 
fusion between the coronary deep Q, and the deep Q 3 that is due to 
position. The difference is illustrated in Figs. 1 and 2. 

In Fig. 1, the deep Q 3 comes from an inverted R wave in V L) and there 
is no Q wave of any significant magnitude in V F . The subject was a 
man, 37 years old, who was considerably overweight (5 feet 8 inches, 
210 pounds). There was nothing in his history to suggest coronary 
occlusion. 


In Fig. 2, the deep Q 3 comes from a Q wave in V F , augmented slightly 
by an inverted R wave in V L . The subject was a man, 46 years old, who 
was not overweight (5 feet 8 inches, 163 pounds). On April 24, 1942, lie 
had acute coronary occlusion, with classical symptoms. His electro- 
cardiograms have shown serial changes characteristic of posterior infarc- 
tion, namely, marked elevation of the S-T segments in Leads II and III, 
with the development of large Q waves which were not present pre- 
viously; return of the S-T segments to the isoelectric level, with sharp 
inversion of the T waves in Leads II and III ; and gradual return of the 
T waves toward normal, with persistence of the Q waves. The record 
shown in Fig. 2 was made Nov. 25, 1942, ' 

It is the purpose of this paper to re-examine the various criteria defin- 
ing and distinguishing the deep Q 3 from the viewpoint that IVilson lias 
given us We have not been able to gather enough cases to prove any- 

thrng statistically, but we believe that the eases'* shown illustrate certain 
fundam ental principles. 

America. 01 th6Se SUbjects are ^pJoyees of The Prudential Insurance Company of 
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THE EFFECT OF INSPIRATION 


The deep Q ; , in Fig. 1 is, presumably, due to position, for there was 
nothing in the history to suggest coronary occlusion ; there is no Q wave 
in V F , and there was marked obesity to explain it. The mechanism of 


standard leads 
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its disappearance can lie seen to he the disappearance of the B wave in 
Y h on deep inspiration. 

The deep Q 3 in Pig. 2 is, nn questionably, due to myocardial infarction. 
There was the typical history, supported by the serial changes in the 
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electrocardiograms. There are absence of the deep Q., in previous electro- 
cardiograms and its presence in the record made when the pain was at 
its height. There is persistence of Q ;1 after other electrocardiographic 
signs have largely disappeared, and there is the abnormally large Q 
wave in Vy. Deep inspiration produces a slight diminution of Q,, which 
has the same mechanism as in Fig. 1, namely, lowering of the II wave 
in Vi,. It will be noted that the Q wave in V F shortens little, if any, 
and that Q s does not become smaller than Q F . 

It would seem, therefore, that the disappearance of a deep Q :; on in- 
spiration does suggest a positional origin. It is difficult to see how 
sufficient rotation of the heart, in situ, could be produced by inspiration 
to turn the infarct away from the foot so thaf the Q wave would dis- 
appear in V F . 

In some eases in which there are no Q waves in V F and no history sug- 
gestive of infarction (that is, cases in which the deep Q a is presumably 
due to position), we have been unable to make Q ; , disappear or to lower 
Itj, by inspiration, so that ils failure to disappear is still an equivocal 
observation. 

THE 25 PER CENT RATIO 

If the significant portion of Q 3 is that made by the Q wave in Vr, then 
it is evident that a coronary Q., may be less than 25 per cent of the 
maximum It wave, since Q F is often augmented by Itr. to give Q g its total 
depth. It is necessary to establish new criteria by studying Vr in a 
sufficiently large number of cases to ascertain the normal limits of 
its Q wave. 

TIIE PRESENCE OP % 

Since Vr enters positively into the foimation of both Lead II and 
Lead III, the presence in Lead II of a Q wave of sufficient magnitude is 
usually evidence enough that the Q ; . is due to a Q wave of significant 
proportions in Vr, although Q 2 may be somewhat increased by an initial 
upward deflection in QRS«. A small Q wave in Lead II cannot, how- 
ever, be taken as evidence that the Q wave is small in V F , for V T . enters 
negatively into Lead II, and if the beginning of the downstroke in V« 
is synchronous with Q F it will cut down the Q wave in Lead II. 

ihis is well shown in Fig. 3, in which Qr is diminished in Lead II hv 
an early downstroke in V„ and is augmented in Lead III by Hr,. The 
su tieet vas a man, 49 years old, who has complained of angina of effort 
since 1.L2 I rom the beginning, his electrocardiogram showed diphasic 
to imerted T waves, with slight depression of the S-T segment, in Lead 

. Jn Sept. 26, 1941, he suffered an unusually severe attack of pain, 

asting one hour, and, on Oct. 21, 1941, another, lasting two and one- 
half horns. After the second attack, his angina of effort was more pro- 
nounced and his electrocardiogram showed marked changes as compared 
with previous records. The T waves in Leads II and III and in all the 
precordial leads, which were formerly upright and of good voltage, were 
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now inverted, . and large Q waves liad appeared in Leads II and III, in 
which Q 3 had measured 4 mm. before, and Q 2 had been negligible ; the 
S-T and T abnormalities in Lead I remained as they had been. The 
record shown in Fig. 3 was made Jan. 8, 1943. The T-wave inversion 
in Leads II and III had receded, but the Q waves persisted, unchanged. 

To be certain how large the true Q wave is, it is necessary to make 
the unipolar extremity leads and not depend on the standard leads 
entirely. 



‘lee 1 ”. 3 . , 


Fig. 5. 

W-SHAPED COMPLEXES 

Fig. .4 shows a W-shaped QRS complex in Lead III; the first limb of 
the W is due to a Q wave in V F . On inspiration, the second limb of the 
W disappears in Lead III, while the first limb remains. The Q wave in 
V F persists on inspiration and the R wave in V L diminishes, as it did in 
the cases previously described. 

The subject here was a man, 57 years old, who had a definite history 
of two coronary occlusions : the first, an anterior occlusion on Nov. 21, 
1936, and the second, a posterior occlusion on Jan. 2, 1941. It is in- 
structive to follow the changes that have taken place in the QRS com- 
plexes, as shown in Fig. 5. The Q wave in Lead III was first a slurring 
near the beginning of a large downward deflection, then a more definite 
notching, then the first limb of a 'W'-eomplex. 
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THE PRESENCE OK R ; , 

Figs. 6 and 7 illustrate complexes of the QS type, with no IL, that 
harbor a Q wave derived from V,.*. In Fig. G, QRS r is monophasic and 
negative, with a notch on the descending limb that separates out into a 
clearly defined Q wave on deep inspiration. In Fig. 7, the QRS com- 
plex in V F consists of a definite Q wave, followed by an It wave. This It 
wave is neutralized by the It wave in Vi„ so that it appears as a terminal 
notch in QItS 3 . Both of these subjects have, unquestionably, had coro- 
nary occlusion with typical clinical course and serial electrocardiographic 
changes. 

THE ABSENCE OP S ;j 

We have several cases in which a small S ; ,, in a normal record taken 
before the occlusion, disappeared after the fonnation of a deep coronary 
Q 3 . Wc have one such ease in which a mere vestige of S ; , persisted for a 
short time after the fonnation of Q„ and then disappeared. We have 
no record showing an S, of any magnitude in the presence of a coro- 
nary Q 3 . 

RIGHT AXIS DEVIATION 

We have no record showing right axis deviation combined with a Q ;i 
which we believe to he coronary in origin. 

INITIAL UPWARD DEFLECTION 

A small upward deflection in Lead III, preceding the downward de- 
flection, might arise from a QRS complex in V F consisting of a small R 
wave and a large S wave, or from a small (normal) Q wave in V r.- In 
neither of these patterns is there any suggestion of a coronary Q wave 
in V y . It is conceivable that some combination of forms might produce 
a small upward deflection at the beginning of QRS in Lead III with a 
coronary Q wave in Vy, hut we have not seen such a record. On the 
other hand, we have seen a number of records of the two types described 
before. One such is shown in Fig. 8. The subject was a man, 49 years 
old, who was 40 pounds overweight; he had a negative history anil no 
physical signs except a slight elevation of blood pressure. 

Qk AND Q l AS DIAGNOSTIC SIGNS 

Q waves in Vy and V r are, unfortunately, not specific for myocardial 
infarction. 

TV lien the heart is vertical, the base presents about the same aspect 
to both arms, so that V t looks very much like Vy. If the small upward 
deflection that often precedes the main downward deflection is Jacking, 
Vj, may show a large Q wave that comes through the natural orifices at 
the base, and not from an infarct. This is well shown in Fig. 9. The 
subject was a man, 25 years old, who had rheumatic heart disease, hut 
no history suggestive of infarction. 
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Fig. 8. 
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When the heart is horizontal, it is unlikely that the tilting would be 
sufficient to permit the negativity of the cavity to be transmitted through 
the natural orifices to the foot to form a Q wave, although this might, 
occasionally happen. What is more likely is that Vf would take the QS 
form, for, when the heart is horizontal, it is written by the right ven- 
tricle and so looks like V, and V 2 , and in these the initial deflection may 
be very small or absent. 

FREQUENCY BY COMPARISON 

It is a matter of observation that a deep Q, is much less common than 
a deep Q,. It is also known that Lead I is less subject to positional 
changes than Lead III. 

We have, in our employee file, six deep Q, ; s, as compared with twenty- 
nine deep Q 3 ’s. Of those with a deep Q ;i , ten have a large Q wave in Vp, 
and all of these have a definite history of acute occlusion. Unfortunately, 
only three with a deep Q t are available for unipolar extremity leads. Of 
these, two have a conspicuous Q wave in Vl, and both have had definite; 
occlusions. (These figures do not reflect the comparative frequency of 
coronary and positional Q waves. It is our practice to require employees 
to report to the infirmary for examination after an absence of three days 
or more because of illness, and in this way we see all the patients with 
coronary occlusions that are able to return. All other examinations are 
purely voluntary. If we took electrocardiograms on everyone in our 
employ, there would be many more deep Q ; ,’s due to position.) 

A coronary Q t is shown in Fig. 10. The subject was a man, 36 years 
of age, who had an unmistakable coronary occlusion at the age of 31 
years. 'The diagnosis was based on a typical clinical course and con- 
firmed by characteristic serial changes in the electrocardiograms during 
the acute period. He has a definite Q wave, of unusual width, in V Tj . 

Fig. 11 shows a Q, which, although contributed to by a small Q wave 
in Vl, is due mainly to an initial upward deflection of the QRS complex 
in V R . The subject was a woman, 53 years of age. She had complained 
of mild precordial pain and dyspnea for some months, but she had had 
no acute attack. Our observations on unipolar extremity leads are not 
extensive enough for us to say whether an R wave of this amplitude in 
VrAs abnormal or not, but the Q in Lead I is not the Q wave of 
infarction. 

It is interesting that the Q, ’s in our file which satisfy the “infarction 
test,” that is, those associated with Q L , are much less frequent than the 
Q 3 ’s associated with Q F , although the anterior and posterior occlusions in 
this file are equally divided, i.e., sixteen anterior and sixteen posterior. 
A little reflection reveals why this may lie so. The heart presents a 
broad posterior surface to the foot, so that any posterior infarction 
that produces a Q wave will make the Q wave show in V F , regardless 
of minor variations in its location. But an anterior infarct will not 
produce QRS changes in Lead I unless the central portion of the in- 
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fareted area is on the lateral or anterolateral aspect of the ventricle; 
an anteroseptal infarct produces QRS changes, usually, in precordial 
leads from positions 2 and 3, although the marginal portions of the in- 
farcted area may extend far enough to the left to produce T-wave 
inversion in Lead I without QRS changes. 

In our experience, only a small proportion of the deep Q s ’s are of 
coronary origin. 

SUMMARY 

Working on the theory that a Q wave in Lead III produced by infarc- 
tion is due to a Q wave in Vr, the author has drawn the following 
tentative conclusions: 

1. The disappearance of Q 3 on deep inspiration is probably proof that 
it is positional, although failure to disappear is not incontrovertible 

^ proof of a coronary origin. 

2. The voltage of Q 2 is a fairly good index of the depth of the Q wave 
in V F , but this is not absolutely dependable. 

3. A significantly deep Q, may be less than 25 per cent as large as the 
largest R wave. 

4. W-shaped QRS complexes in Lead III may contain a deep Q,. 

.. 5. R 3 need not be present. 

6. A small, initial, upward deflection apparently takes the Q ;; out of 
the coronary class. 

7. A deep Q 3 that is due to infarction is relatively rare. 

I wish to express my appreciation for the help given me by Dr. Frank X. Wilson, 
who read the manuscript and offered valuable suggestions. 
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THE PERIPHERAL BLOOD FLOW AND OTHER OBSERVATIONS 
IN COARCTATION OF THE AORTA 

Harold J. Stewart, M.D., Helen S. Haskell, M.D., and 
Willis F. Evans, M.D. 

New York, N. Y. 


C OARCTATION of the aorta is a congenital constriction of the aorta, 
nsuallj r in the region of the insertion of the ductus aiteiiosns. The 
degree of constriction varies from slight narrowing to complete atresia. 
The important diagnostic features are elevation of blood pressure in 
the arms, with the blood pressure in the legs low or unobtainable, and 
evidences of collateral circulation. Palpable and visible pulsations,- 
with an accompanying bruit, over the intercostal arteries, and roent- 
genologic evidence of erosion of the lower rib margins are evidences of 
collateral circulation. The pulsations in the femoral, popliteal, and 
dorsalis pedis arteries are small or absent. 

There have been a few studies of the circulation in this congenital 
anomaly. In 1933, Lewis, 1 using the plethysmographie method of 
Hewlett and Zwaluwenberg, found that the blood flow in the legs of 
patients with coarctation of the aorta was normal or slightly increased. 
Pickering, 2 in a study of several types of hypertension, found that the 
blood flow in the arms was normal in coarctation of the aorta, and that 
there was a normal response to reactive hyperemia. Stewart and 
Bailey’s observations 3 showed that the cardiac output per minute was 
normal or increased in all except one of nine cases. The average 
minute volume output was 2.6 l./sq. m./min., compared to 2.2 l./sq. m./ 
min. for normal persons. Blumgart, Lawrence, and Ernstene 4 found 
normal arteriolar pressure in the arms, lowered oxygen saturation of 
the femoral arterial blood, a normal arteriovenous oxygen difference 
in the legs, and blood plasma volume near the upper limit of normal. 
Friedman, Selzer, and Rosenblum 5 found that there was partial renal 
ischemia. This was compensated, however, by increased intra glomeru- 
lar pressure, which caused a normal rate of glomerular filtration. 
There have been attempts 0 - 7 to relate the hypertension of coarctation 
of the aorta to the Goldblatt type of hypertension. 

In the present investigation, data have been compiled relating to the 
amount of blood allotted to the peripheral circulation in coarctation of 
the aorta. The peripheral blood flow was measured in twelve patients 
with co arctation and compared with similar measurements in twenty- 
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four normal male .subjects/ Skin temperatures at eleven locations on 
the body surface and rectal temperatures have been compared with the 
temperature of these areas in normal subjects. 

METHODS 

The peripheral blood flow was measured by a modification of the 
method of Hardy and Soderstrom, 0 in which blood flow is expressed as a 
function of heat loss, surface area, average skin temperature, and rectal 
temperature. In order to use this method, certain data were required, 
namely, measurement of skin and of rectal temperature, oxygen con- 
sumption, and body weight and height. The oxygen consumption was 
measured with a Benedict/Roth apparatus. 10 and surface area and basal 
metabolic rates w'ere calculated from the tables of Dubois and Dubois 11 
and the Boothby, Barkson, and Dunn nomogram for age and sex. 12 The 
skin temperature was measured with the improved Hardy-Soderstrom 
radiometer, 13 and the rectal temperature with a single junction copper- 
eonstantan thermocouple. The locations of the eleven areas on the body 
surface at which readings of skin temperature were taken are shown in 
Fig. 1. The formulae for calculation of peripheral blood flow from the 
above data have been presented in previous studies by Stewart and 
Evans 14 and Stewart and Jack. 13 Three to seven sets of skin and rectal 
temperatures were made at ten- to twenty-five-minute intervals, from 
which average peripheral blood flows were calculated. Since heat storage 
was calculated on the basis of one hour, a suitable time factor 14 provided 
for the variation in the time intervals. 

PLAN OF PROCEDURE 

All observations were made in the morning with the subjects under 
basal conditions, in a room in which the temperature was maintained con- 
stant within 0.5° C. All studies were made at 25° C., and, in Case 4, 
observations were also made at 26° C. The humidity of the room during 
observations relating to Cases 1, 3, 4, 5, 6, and 8 w r as kept at approxi- 
mately 40 per cent, and, in the others, was not estimated. Before obser- 
vations were begun, the subjects were kept at rest for an hour, for ad- 
justment to room temperature, and care was taken to prevent apprehen- 
sion or other emotional disturbance. 

The blood pressure in the right arm and the pulse rate were taken 
after each set of eleven skin temperature readings. After obtaining the 
last basal metabolic rate, the blood pressure was measured in all four 
extremities, after which an electrocardiogram was taken. A teleoroent- 
genogram of the heart was then taken for calculation of the cardio- 
thoracic ratio and to see whether there was erosion of the ribs. 

The arm-to-tongue circulation time was measured with deeholin 14 in 
four subjects, and the circulation time from arm to throat, perineum, 
and all four extremities with rnacasol 17 in five subjects. Carotid sinus 
time 15 was used in three subjects. 

OBSERVATIONS 

Peripheral Blood Flow .—' The peripheral blood flow in thirteen obser- 
vations on twelve subjects ranged from 14 to 129 c.c./sq. m./m in.; the 
average for the group was 68 c.c./sq. m./min, {Table I, Fig- 1)- The 
range was somewhat greater and the average higher than in the normal 
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subjects studied by .Stewart- and Evans,* whose range at the same tem- 
perature was from 8 to 84 c.e./sq. m./inin., and the average, 33 e.e./sq. 
m./rnin. (Table II, Pig. 1). 

Rectal Temperature.- — The average of the rectal temperatures for sub- 
jects with coarctation was 37.33° C., 0.61° C. higher than for the normal 
group, in which it was 36.72° 0. (Tables I and II, Fig. 1). 

Average Skin Temperature, — The average of the weighted skin tem- 
peratures for the twelve subjects with coarctation was 33.63° C., com- 
pared to 32.82° C. for the normal group ; in short, it was 0.81° C. 
higher. The trend was similar to the rectal temperatures (Tables 1 
and n, Fig. 1). 

Skin Temperature of the Eleven Body Areas. — Marked deviation from 
the normal occurred in the temperature of the eleven selected points 
on the body surface (Fig. 1). The readings at each point for the 
twelve subjects showed considerable variation from case to case, but 
the skin temperatures of corresponding locations on normal persons 
showed less spread. 

The average of the temperatures for each of the first nine points, 
corresponding roughly- to the upper part of the body, including the 
thighs, was much higher for the subjects with coarctation than for the 
normal subjects. The average of forehead temperatures in the coarcta- 
tion patients was 34.64° C., compared to 33.92° C. for the normal ; the 
subclavian area, 34.52° C., compared to 33.66° C.; under the left breast, 
34.47° C., compared to 33.44° C., right hypochondrium, 34.66° C., com- 
pared to 33.59° C. ; left upper arm, 33.66° C., compared to 32.67° C.; 
left forearm, 33.57° C., compared to 32.45° C.; left hand, 33.98° C., com- 
pared to 33.59° C. ; left upper thigh, 33.52° C., compared to 32.39° 0. : 
right lower thigh, 32.74° C., compared to 32.11° C. For the other two 
points the difference was less; the left leg was 32.35° C. in coarctation, 
compared to 32.22° C., and the dorsum of the left foot. 31.36° C., com; 
pared to 30.91° C. (Tables I and IT, Fig. 1). 

The three points, therefore, where the temperature difference be- 
tween the two groups w'as least were the left hand, left leg, and dorsum 
of the left foot, with differences of 0.39° C., 0.13° and 0.45 ° C., 
respectively. At the last point measured, there was a wide range of 
variation in the coarctation as well as normal group ; the range was 
from 27.6° C. to 35.4° C. in the former, and 27.1° C. to 33.9° C. in the 
latter. 

Basal Metabolic Rate. — The basal metabolic rate in the subjects of 
this investigation varied from -21 per cent to -13 per cent, with an 
average of -6 per cent (Table I). The average was not significantly 
different from that of -3 per cent in the group of the twenty-four nor- 
mal persons whose range was -19 per cent to -f31 per cent. 

Circulation Time. — Circulation time was measured with maeasol in 
seven subjects. In Case 2, a child of 11 years, the circulation time to 
the tongue, perineum, right hand, and both feet was, perhaps, slightly 
decreased below the average for a child his age, and an end point was 
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not obtained in the perineum and left hand (Fig. 2). In Case 5, a boy 
of 15 years, end points were obtained at all areas, and the decreases 
below the average, figure were approximately of the same magnitude 
as in Case 2. In Case 12, the circulation time was considerably below 
the average value; an end point was not detected in the left hand. In 
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Case 9, the circulation times were very close to the average normal 
figure, and, m Cases 6, 10, and 11, it was moderately prolonged ; in the 
latter ease, end points were not elicited in the feet 

In the three eases in which decholin was used as the test substance 
the circulation time Trag. prolonged slightly above the average in one 
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(Case 3), decreased below the average in one (Case 4), and,. iu one 
(Case 7), it was within normal limits. In two patients (Cases 4 and 6), 
the C0 2 time (lung to carotid sinus) was decreased, and, in one (Case 
3), it was prolonged. 

Electrocardiographic Changes . — Electrocardiograms were taken ill all 
but Case 5. Of the nine subjects still living who had electrocardio- 
grams, three had essentially normal electrocardiograms without axis 
deviation (Cases 2, 6, and 12), one (Case 11) had right axis deviation 
with a diphasic T 2 , T s , and T,, and five had left axis deviation (Cases 
4, 7, 8, 9, and 10), together with negativity of the T waves in Lead III 

(Table III). • 

Both of the patients who died (Cases 1 and 3) had left axis devia- 
tion; in Case 1 there were negativity arid coving of the T waves in all 
leads, and, in Case 3, there were negativity and slight coving of the T 
waves in Lead I, and, later, negativity of the T waves in Lead II, 
as well. In short, these patients differed from those still living in that 
they had changes in the T waves in Lead I, whereas those surviving 
had alterations in Lead III. In these two cases, post-mortem exami- 
nation revealed moderate atherosclerosis of the coronary vessels. In 
Case 1, there was evidence in microscopic sections of progressive de- 
generation of the heart muscle, with diffuse atrophy of the fibers and 
vacuolization, presumably edema, in some areas, and moderately ad- 
vanced fibrosis in other areas. In Case 3, there, were focal areas of 
diffuse myocardial fibrosis, with more extensive scarring; yellow pig- 
ment, probably hemosiderin, was present, no doubt indicating pre- 
existing hemorrhage at these sites. 0 

Cardiac Size . — Teleoroentgenograms were available for measurement 
in all but Cases 1 and 5. An increase in the eardiothoracic ratio, indi- 
cating cardiac enlargement, was present in only two subjects (Cases 
7 and 8) (Table III), but was demonstrated at autopsy in Cases 1 and 3. 
In this group, there was apparently no common factor, such as age or 
level of blood pressure, to correlate with the enlargement. 

Evidence of Collateral Circulation . — One or more signs of collateral 
circulation were present in all except Case 10 (Table III). These were 
not sought in Case 1, in which fhe constriction was minima] and the 
diagnosis of coarctation was made at autopsy. Intercostal pulsations, 
a bruit over the intercostal arteries, and scalloping of the rib margins 
in the roentgenograms were present in Cases 2, 4, 6, 7, 8, 9, 11, and 12; 
pulsations without a bruit, but with scalloping, were evident in Case 3, 
and none of these signs were detected in Case 10. 


DISCUSSION 

These studies show that the average peripheral blood flow is greatei 
in coarctation of the aorta than in normal persons; that is to sav tin 
average amount of blood allotted to the- body surface from the' tot a 

versity 6 Medical Coflege^foi^ reviewing^ the^sectiSs P fr'om°UieRe two^papents! 01 ' n< ’^ 
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Tabu: 

Summary of the Cmkicau Data of Tsveut; 



AGE AT 
DURA- WHICH 
_ CASE TIOX DIAG- 

NUMBER, QF XOSIS A , . PRE- 
NAME, AGE, S y jrp . WAS DYSP- FIDE- FA- ' " COR- 

SEX TOMS MADE NEA MA TIGUE DIAL 


1. I.B.* 
48 9 


2. H. D. 
11 $ 


(YEARS) 


at 

autopsy 





+ I 0 | 0 I 0 I 0 I 0 I 0 1140/70 1140/00 


3. H.K.t 1 yr- 
04 8 


4. J. G. 
15 8 
19 


5. .T.K. 
13 S 



EMOIj 

RIGHT 

ARM 

1/EFT - 
ARM . 

255/1 CO 240/160 . 

, * 

140/70 

140/60 ■ 

172/90 

170/00 


0 150/80 15 

150/00 14 



9. A. C. 8 vr. 
20 $ 


10. A. C. 7 vr. 
41 9 

11. C.B. 1 4 yr. 

35 a 

12. H.B. 1 vr. 

21 8 


’Dissecting- aneurysm of arch of the aorta, aortic ingufficienej, and aflrtR. * of pft 
mild arteriosclerosis of coronary arteries, slight constriction 3 rf heart 

subclavian. Heart weight = 470 grams. Hypertrophy and dilatation or Mean. ( , r 

t Coarctation in region of entrance of ductus arterio.HUfi. moderate arten >- ^ ^ 
coronary arteries. Dilatation of innominate, left carotid, left ^ 

Intercostal and epigastric arteries, and costocervical trunk. H‘*rt - t ,. rn ,|n»I 11- 

Hypertrophy and dilatation of heart. Carcinoma of larynx, with rnet.iet.if'. <*n 
hemolytic streptococcus septicemia. 

JD.A.D. I>.-ft axis deviation. 

IR.A.D. = Rigiit axis deviation. 

'iX-ray not available for examination. 

'Not examined for this, 

cardiac output is increased. The range from one case to the other was 
also somewhat greater than in norma] subjects. There was overlapping 
in the normal and coarctation values, which was not unexpected, for, 
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Patients With Coarctation of the Aorta 


PRESSURE 

PULSATIONS IN ARTERIES 

EVIDENCE OF 
COLLATERAL 
CIRCULATION 

CAR- 

DIO- 

THO- 

RACIC 

RATIO 

AOR- , 
TIC 

IN- 

SUFFI- 

CIEN- 

CY 

SYS- 

TOLIC 

MUR- 

MUR 

ELECTRO- 

CARDIOGRAM 

RIGHT 

LEG 

LEFT 

LEG 

FEM- 

ORAL 

POP- 

LIT- 

EAL 

DOR- 

SALIS 

PEDIS 

INTER- 

COS- 

TAL 

PUL- 

SA- 

TIONS 

BRUIT 

SCAL- 
LOP- 
ING OF 
RIBS 

IN 

X-RAY 


290/200 

pres- 

ent 

pres- 

ent 

pres- 

ent 

IT 

IF 

■ 

■ 

+ 

+ 

L.A.D., t nega- 
tivity and cov- 
ing of T waves 
in all leads 

90/80 

95/90 

faint 

j 

ab- 

sent 

ab- 

sent 

+ 

+ 

+ 

0.44 

+ 

+ 

Essentially nor- 
mal. Marked 
sinus irregu- 
larity. T 3 
diphasic 

115/110 

100 

ab- 

sent 

ab- 

sent 

ab- 

sent 

+ 

0 

+ 

0.46 


1 

L.A.D. T, first 
slightly coved 
and then Ti 
and o became 
negative 

95/85 

90/80 

90/80 

100/80 

small 

ab- 

sent 

ab- 

sent 

+ 

+ 

■ 

0.40 

0 

4* 

L.A.D. Sinus 
irregularity. 

T, diphasic 

not ob- 
tained 

not ob- 
tained 

■ 


■ 

| 


S 



■ 


110/80 

108/80 

small 

ab- 

sent 

small 

+ 

+ 

■ 

0.45 

0 


Essentially nor- 
mal 

not ob- 
tained 

112/110 

ab- 

sent 

ab-. 

sent 

ab- 

sent 

+ 

+ 

+ 

0.53 

0 


L.A.D. T 3 neg- 
tive in some 
and upright in 
others 

130/110 

130/110 

faint 

ab- 

sent 

ab- 

sent 

HI 

+ 

+ 

0.54 

0 

+ 

L.A.D. T 3 
diphasic 

130/110 

120/110 

small 

ab- 

sent 

ab- 

sent 

+ 

+ 

+ 

0.44 

0 

+ 

L.A.D. Sinus 
irregularity. 

T 3 negative 
and coved 

not ob- 
tained 

98/70 

small 

ab- 

sent 

ab- 

sent. 

0 

0 

0 

0.51 

0 

+ 

L.A.D. T 2 , 3 , 
and j diphasic. 

J 38/110 

116/98 

small 

ab- 

sent 

small 

+ 

+ 

+ 

0.43 

0 

+ 

R.A.D.$ T s , 3 , 
and . dinlmcsifi 

125/100 

125/90 

small 

small 

small 

+ 

+ 


0.41 

0 

+ 

Essentially nor- 
mal 


in normal subjects, variations are known to occur from day to clay ii 
the same subject under the same environmental conditions 0 There 
tore even though in individual instances of coarctation the periphera 
hood flow may be lower than in certain normal persons, the averag< 
tor the group is greater than the average for the normal group. 

he increase m blood flow to the periphery was paralleled by an in 

vn” off 7 temPeratm ' e; the ave ^e nectal temperature 
c as 0.61 C higher than m normal subjects. Furthermore, in only five 

of the twenty-four normal subjects was the rectal temperature as lit 
a s the lowest temperate recorded in subjects 
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When peripheral blood blown were plotted against rectal temperatures, 
it was seen that the increase in the coarctation group was not due to 
the increased internal temperature. The average of the weighted skin 
temperatures showed the same trend as the rectal temperatures, namely, 
higher than in normal subjects. The increase in blood flow to the 
periphery accounts for the rise in the average skin temperatures of 
these patients. The averages for each of the eleven areas from which 
temperatures were derived were greater in the coarctation group than 
in the normal subjects. The deviation from normal values was less in 
the hands, the lower part of the leg, and the foot. 

The cardiac output per minute in coarctation of the aorta is, in most 
instances, increased , 3 so that there is available the increased amount of 
blood which is allotted to the periphery of the body. The peripheral 
blood flow method which was used measures the average amount of 
blood allotted to the periphery of the whole body; the amount allotted 
to the upper part of the body may be increased and that to the lower 
part may be diminished in some eases, and yet the average for the 
whole body way be greater than normal. Lewis , 1 however, found that 
the amount of blood allotted to the legs was normal or slightly in- 
creased; moreover, the increased loeal temperature of these parts in 
the cases now being reported was additional evidence that the circu- 
lation was not impaired. Friedman, Helper, and Kosenblum® found 
decreased renal blood flow in cases of coarctation. This observation 
was based upon the reduction in diodrast clearance, which apparently 
did not interfere with renal function, for the rate of glomerular filtra- 
tion (measured by inulin clearance) was normal. Studios are not 
available concerning blood flow to other portions of the body of persons 
with this congenital defect. 

The circulation time was prolonged in some subjects, decreased in 
others, and normal in others. The prolongation of the circulation time 
is probably indicative of the devious route by which the blood reached 
the various parts of the body by way of the collateral arterial chan- 
nels in these subjects. Those whose circulation time was shortened 
may have been those whose cardiac output was sufficiently increased 
to overcome the increase in vascular bed. Two subjects whose circula- 
tion time was shortened were young people, in whom the velocity of 
blood flow may he normally shorter and the cardiac output greater 
than in adults . 19 Moreover, if their cardiac output was still grealer 
than would he expected in normal youths, this would have been added 
reason for the shortened circulation time. 

Certain observers 2 '” 22 have found that the basal metabolic rate may 
be elevated in coarctation of the aorta. It is recalled that hypertension 
in the arms may he a manifestation of this defeet. Jioofhhy and Saudi- 
ford" found that the basal metabolic rate was over -10 per cent in 20 
per cent of ninety-five eases of essential hypertension. The elevated 
basal metabolic rate in coarctation has been attributed by tirollman 
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and Ferrigan 20 to an increase in the circulation through the thyroic 
gland. In the observations now being reported, the oxygen consump- 
tion was normal, and the scatter of values was approximately the same 
as in a series of normal persons who were subjected to similar observa- 
tions. Therefore, the increase in blood allotted to the periphery can- 
not be attributed to this factor. In fact, observations in pheochromocy- 
tonia 24 have shown that the peripheral blood flow is decreased, although 
the basal metabolic rate is increased. Moreover, although the body 
temperature was increased in the cases of coarctation, there was no lisc 
in the basal metabolic rate. 


Left axis deviation was the most common electrocardiographic ab- 
normality; it occurred in seven cases. It probably arose from the in- 
creased work 3 placed upon the heart by the obstruction to the passage, 
of blood through the aorta. Negativity of the T wave in Lead III, with 
or without coving, occurred in eight cases, i.e., with approximately the 
same frequency as left axis deviation. These T-wave changes were not. 
those which are to be expected with left ventricular strain, which may 
be associated with alterations in the T waves in Lead I. Three subjects 
with a tendency to the lowest arm blood pressures had essentially nor- 
mal electrocardiograms. As far as could be ascertained clinically, 
there were no other congenital defects in the one patient with right 
axis deviation to account for the divergence from the most common 
pattern. 

Two patients of this series died, one of dissecting aneurysm of the 
arch of the aorta (Case 1), and the other (Case 3) of carcinomatosis, 
the primary location of which was in the larynx. Both of these patients 
showed negativity and coving of the T waves in Leads I and II, to- 
gether with left axis deviation. Stewart and Bailey 2 found that altera- 
tions of the T waves with cardiac enlargement indicated a poor prog- 


nosis. It appears from the present analysis that the occurrence of 
changes in the T waves in Lead I, together with cardiac enlargement, 
is of grave prognostic importance, for the patients with changes in the 
T waves in Lead III alone, or with Lead II, are still living. 

In all subjects except Case 1, who had only minimal constriction, the 
blood pressure in the arms was considerably higher than in the lower 
extremities (Fig. 3). The highest reading in the right arm was 200/110 
and the lowest, 140/70, with comparable values in the left arm, al- 
though the latter measurement was slightly lower in the left arm in 
Cases 9 and 10. In Cases 3 and 5, the blood pressure could not be 
obtained m the lower extremities, and, in Cases 7 and 10, was obtained 
on y m the left leg. In all cases, there was a small pulse pressure in 
the legs and a large one in the arms. The cause of the elevation of 

r r m T\ iiS <JeCrease hl the le S s has- been the 
su iject of study. Mechanical obstruction to the flow of blood through 

the gotta has been suggested as the explanation. 1 ' 4 > 21 Another point of 
™"’ nttMb " tra * y a increase in peripheral 
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The effect upon blood pressure of eon. striding the aorta, experimen- 
tally, 7 ’ 29 ’ 30 has been observed. The opinion has been expressed that a 
pressor substance liberated by the kidneys, when their blood supply is 
reduced below a certain level, is responsible for this phenomenon, thereby 








S H WW 3MnSS3Hd Q001S 


bringing the cause of the hypertension in coarctation of the aorta into 
the framework of the GoldbJatt kidney. 29 Castlcrnan and Smith wick, 21 
however, from a microscopic study of renal biopsies in 100 cases of 
essential hypertension in which splanehnicotomy was performed, earne 
to the conclusion that evidence of renal vascular disease was insufficient 
to lie the sole factor in the production of hypertension. 
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SUMMARY ' ' • 

1. Using a modification of the Hardy-Soderstrom method, the pe- 
ripheral blood flow was measured in twelve cases of coarctation o 
the aorta; included in the data necessary for the calculations were 
measurements of basal metabolic rate and of . rectal and skm tempeia- 
tures. Measurements of skin temperature were made from 11 points on 
the body surface. In addition, circulation time was measured in ten 
subjects, electrocardiographic studies were made in eleven, and the size 
of the heart was estimated bv means of teleoroentgcnograms in ten. 

2. The range of peripheral blood flow was from 14 to 129 c.c./sq. m./ 
min., and the average was 68 e.c./sq. m./min. ; The range was greater 
and the average for the group was higher than in normal males, whose 
range was 8 to 84 c.c./sq. m./min., and the. average, 33 c.c./sq. m./min. 
A. larger volume of the cardiac output is allotted, therefore, to the periph- 
ery in these subjects than in normal persons. It is likely that an ade- 
quate blood supply was maintained in other parts of the body, for 
Stewart and Bailey 5 have shown that the cardiac output is increased in 


this condition. 

3. The" average of the weighted sldn temperatures in the subjects 
studied was 33.63° C., that is to say, 0.81° C. higher than the value of 
32.82° C. which was found in normal males. In general, the widest 
divergence from normal of temperatures for different areas was obtained 
in the upper half of the body. The increase in blood flow to the periph- 
ery accounts for the elevated sldn temperature of these subjects. 

4. The average rectal temperature was 37.33° C., compared to 36.72° 
C. for the normal group, that is to say, 0.61° C. higher. 

5. Basal metabolic rates, when compared with the control group, fell 
within normal limits. The increased peripheral blood flow was not to be 
attributed to alterations in basal metabolic rate. 

6. Circulation time was prolonged in some, normal in a few, and de- 
creased in others. These observations are discussed. 


7. The size of the heart, according to the cardiothoracic ratio, was 
greater than normal in only two of the patients who are still living. 

8. The most common electrocardiographic abnormalities were left axis 
deviation and negativity and coving of the T waves in Lead III; these 
occurred in seven and eight cases, respectively. Two patients who showed 
coving in Leads I and II died. The others are still living. Three had 
essentially normal electrocardiograms; and one had right axis deviation. 

9. Other clinical manifestations are summarized in Table TIT. 
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vestigation 20: 145, 1041. Coarctation of the Aorta, J. Clin. ] 
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DIFFERENTIATION OF THE ELECTROCARDIOGRAPHIC 
CHANGES PRODUCED IN THE "DOG BY PROLONGED 
'TEMPORARY OCCLUSION OF A CORONARY 
ARTERY FROM THOSE PRODUCED BY. 
POSTOPERATIVE PERICARDITIS 

Robert H. Bayley, M.D., and John S. La Due, M.D. 

New Orleans, La. 

I N A study of postoperative pericarditis in dogs, 1 it was observed that 
RS-T junction displacements and primary T-wave changes regularly 
appeared seven hours after operation. The RS-T junction displace- 
ments reached a maximum about forty-eight hours after operation, and 
all electrocardiographic changes disappeared in five to nine days. 
Other studies 2 - 3> 4 on brief, temporary, coronary occlusion in the dog- 
show that the electrocardiographic changes produced by occlusions of 
thirty to ninety seconds appear at once with the onset of occlusion, and 
vanish within a minute or less after cessation of occlusion. 

It cannot be emphasized too strongly that, in local ventricular peri- 
carditis and in local ventricular ischemia and injury, the electrocardio- 
graphic changes are identical. 5 ’ 6 Moreover, the magnitude of the as- 
sociated RS-T junction displacements in any lead from the body sur- 
face cannot be safely used for etiological differentiation. The magni- 
tude of the injury displacement is independent of the depth of injury 
and, among other things, is directly proportional to the area circum- 
scribed by the surface boundary of the injured region. 7 

It is the purpose of this report to describe several experiments which 
were devised to test the interpretation offered by others 8 ' 10 concerning 
the "prolonged” electrocardiographic changes associated with experi- 
mental, temporaiy occlusion of a coronary artery. 


experiment 1 


Dog 1.— The anterolateral aspect of the pericardial sac was exposed 
in the usual way, 2 and the coronary artery was dissected and temporarily 
occluded for forty-two minutes. The electrocardiograms shown in Fig. 1 
were obtained. The top curve in each row is a unipolar lead which was 
recorded with the exploring electrode on the pericardial sac, superjacent 
to the terminals of the dissected artery. The indifferent electrode was 
on the left foreleg. The bottom curve of each row is Lead I, which 
was recorded simultaneously by means of a two-string galvanometer 
of the Emthoven type. 
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Control 1 was recorded before opening the chest. Here, the exploring 
electrode was in the subcutaneous tissue superjacent to the apex impulse 
of the left ventricle. Control 2 was recorded after opening the chest 
and before arterial dissection. The exploring electrode was on the peri- 
cardial sac, superjacent to the terminals of the yet undissected artery. 
The remainder of the strips arc in the order recorded, and read from 
left to right, and from above down. The arrows over the top row indi- 
cate, respectively, the instant at which occlusion stalled, the instant at 
which the ligature was released, and the instant at which the artery ap- 
peared to be fully reopened. The dashed and double-dashed number’s 
over the strips indicate, respectively, the time in minutes and the time in 
seconds. In the unipolar lead the ischemia phase 4 is well developed 
eleven seconds after the commencement of occlusion. The injury phase 4 
continues, although diminishing somewhat, throughout occlusion. The 
potassium (?) T effect of injury 1 is most pronounced in the eleven- 
minute strip. A small Q appears in the twenty-one minute strip and 
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continues to grow in amplitude in all subsequent strips. The temporary 
‘ Jaiiges arc like, in kind, in both leads, but arc much more prominent 

' N '° changes appear in Lead f which are eom- 
paraule to the st riking development of Q in the unipolar lead. 

i J * .!* ,l - ISIOn of the final ventricular deflections is present thirty- 

juiriof 1 <f T S!,< ’ on occlusion. ]j, the long strip, (alien ten 
-i ' V-vs.i ion of occlusion, reversion of the final ventricular 
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deflections of the unipolar lead is almost complete. The sketch- on the 
left of the ten-minute strip is included for clarity. No definite reversion 
of the QRS change is present. In contrast to the unipolar lead changes, 
are the RS-T junction displacements in Lead I, which have vanished in 
less than ten minutes after cessation of occlusion. Here, complete re- 
version of the final ventricular deflections into the ischemia phase has 
taken place. The experiment was concluded, unwittingly, at this time 
because the movements of the galvanometer strings were judged to indi- 
cate complete reversion of the final ventricular deflections in both leads. 
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ings the chest was closed. Forty-eight hours later the chest was reopened 
and additional recordings were made, after which the animal was sacri- 
ficed. The results arc shown in Fig. 2. The order of. recording reads 
from left to right and from above down. Each strip is composed of two 
leads recorded simultaneously. The top curve in strips a through k was 
taken with a unipolar lead in which the exploring electrode was on Ihe 
pericardial sac superjacent to the terminals of the dissected artery (2.5 
cm. from the incision in the pericardial sac in the direction of the apex 
of the left ventricle). The bottom curve is Lead I in strips a through ?. 
Strips a and b were recorded before and after arterial dissection, respec- 
tively. Occlusion commenced in the interval between strips b and c. 
The latter strip shows the transition phase from ischemia into injury. 4 
The dashed numbers over strips d, e, and / indicate the time in minutes 
after occlusion started. The dashed numbers over strips g through h 
indicate the time of recording after occlusion ended. After taking strip 
k the chest was closed. Clearly, the form of the unipolar lead reverts to 
that of the predisseetion control within sixteen minutes after the thirty- 
minute occlusion ends. The RS-T junction displacement almost vanishes 
within six minutes, i, and completely vanishes within ten minutes, j. No 
significant QRS changes appeared, either during or after the thirty- 
minute occlusion. The unreliable changes which developed concurrently 
in Lead I are noteworthy. 

Strips l through p were recorded after the chest was reopened on the 
second postoperative day. When recording strip l, the exploring elec- 
trode rested upon the sutures in the pericardial sac superjacent to the 
site of arterial dissection. A striking RS-T junction displacement is 
present. Lead I likewise shows an RS-T junction displacement, which, 
however, is small by comparison. Before recording strip m the ex- 
ploring electrode had been moved 1 cm. away from the sutures in the 
direction of the apex of the left ventricle, and before recording strips 
n and o the electrode had been moved 2 and 3 cm., respectively, away 
froni the sutured region toward the apex. At the latter site the peri- 
cardial sac was opened, and strip p was recorded from the heart’s 
surface. 


It is emphasized that strip l was recorded forty-eight hours after the 
e lects produced by occlusion had vanished, and at the approximate 
line when the RS-T junction displacements due to local postoperative 
puieaulitis are known 1 to be maximal. Moreover, the local character 
.f.' e effect, confined as it is to that j'egion of the heart’s 

lhtl' lCe . at K ' te operat * on on the heart and pericardium, leaves 

\ 01 n ° COIlcern ing the interpretation that the effects are 

,1, l v ° . 0pcrntn e n 'jury of the subepicardial muscle, rather than to any 
‘3 d ; occlusion. Finally, strips „ ,1, rough p were 

osploring Hoot rode superjacent to the terminals of 
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the previously occluded artery, as was the case for the top curve m 
strips a through k, The former strips are conspicuous, in that they 
display no RS-T junction displacements whatsoever. 

Post-mortem examination revealed a zone of adherent pericarditis, 
1.5 to 2 cm. in diameter, at the site of the three sutures which were 
used to close the pericardium. The remainder of the ventiieulai sui- 
face was smooth and free. However, the anterolateral aspect of the 
left ventricle displayed a delicate, milky, epicardial reaction. 



Pig. 3. — Curves from a control experiment showing the effects of local postoperative 
pericarditis (g, h, and j) as they appear on the second postoperative day. The time 
lines are 0.1 second apart. Standardization is normal in Leads I and II and one-«?ivth 
normal in the unipolar, lead. See text. ’ 

The general similarity of the final ventricular deflections of the uni- 
polar leads in the early part of strip c and in strips i and l is notable. 
Is the electrocardiographic evolution of pericarditis similar to that of 
a region of myocardium which is temporarily robbed of its blood sup- 
ply, similar to the extent that the injury effect in pericarditis is like- 
wise preceded, as well as followed, by primary T-wave changes? Our 
clinical observations and experiments have not answered this question. 
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EXPERIMENT 3 

Dog 3.— Using sterile precautions, a general procedure was carried, 
out which was similar to that used with Dog 2. In the present instance, 
however, the pericardial sac was merely opened for thirty minutes and 
then closed with three sutures. The heart surface was not disturbed 
at the time of operation. Forty-eight hours later the chest was re- 
opened and unipolar leads were recorded with the exploring electrode 
on, and in the neighborhood of, «the sutured region of the pericardial 
sac. The results serve as a control, and are shown in Fig. 3. The 
enlarged sketches a, b, and c show, respectively, the appearance of 
Leads I and II and the semiunipolar lead taken with the exploring 
electrode in the subcutaneous tissue superjacent to the apex impulse 
of the left ventricle. Strips a, b, and c were recorded before, and strips 
cl, e, and / were recorded after, opening the chest. For strip f the ex- 
ploring electrode was on the pericardial sac at the site of subsequent 
incision (anterior to the tip of the left auricular appendage). The 
remainder of the strips in Fig. 3 were recorded after reopening the 
chest on the second postoperative day. The top curve in strips y and 
h was recorded with the exploring electrode on the sutured region of 
the pericardial sac. Here, the resemblance to strip l of Fig. 2 is strik- , 
ing. The bottom curves in strips y and h of Fig. 3 are Leads I and JT, 
respectively, which were recorded simultaneously with the unipolar lead. 
Strips i, j, and k are unipolar leads taken with the exploring electrode 
in the neighborhood of the sutured region. When recording strip i the 
electrode was 2 cm. away from the sutured region in the direction of 
the ventricular apex. When recording strip j the electrode was 2 cm. 
inferior to the sutured region at the lateral margin of the left ventricle.. 
A small kS-T junction displacement, ascribed to injury, is present. 
When recording strip k the electrode was on the heart’s surface at the 
extreme apex of the left ventricle. The RS-T junction displacements 
shown in strips i and h are not ascribed to injury. They are due to 
effective early regression. 9 

I ost -mortem examination revealed no pericardial adhesions. The 
epmardial surface showed a milky thickening confined to the region of 

* 10 fir ’ 3 recordings. The epiearditis was most marked beneath the 

sutured region. 


EXPERIMENT 4 


Dor, 4. I sing sterile precautions, a second control procedure was 
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the pericardial sac, A rather striking J1S-T junction displacement, due 
to injury, is present. Strip d was recorded with the exploring electrode 
on the heart’s surface in the immediate neighborhood of the local 
epicarditis. No JIS-T junction displacement is present. The abnormal 
form of the curve in strip c is due to a local postoperative pericarditis. 
Nevertheless, the curves in strips « and c present the same kind of 
changes which are observed in anterolateral infarction. 

EXPERIMENT 5 

Dog 5. — Using sterile precautions, a forty-five-minute complete oc- 
clusion of the anterior descending branch of the left coronary artery 
was produced in the usual way. 2 Upon release of the occlusion, ven- 
tricular fibrillation immediatelj'’ developed and the animal died. The 
electrocardiograms which are shown in the fop four rows of Fig. 4 
were obtained before and during the occlusion. The form of the curves 
in strips / and h illustrates the two danger periods which are encoun- 
tered in experiments on temporaiy occlusion. The first period occupies 
the initial ten minutes after the onset of occlusion, whereas the second 
period occurs with the release of the occluding ligature. 


EXPERIMENT 6 


Dog 6. — Using sterile precautions, the anterolateral aspect of the 
left ventricle was exposed in the usual way. A zone of epieardium 
1 cm. in diameter was removed. The pericardial incision was then 
closed with three sutures. Electrocardiograms which were recorded 
before and during operation are shown within the inset in Fig. 5. The 
strips in column a' were recorded before operation. When taking a„ the 
exploring electrode was in the subcutaneous tissue superjacent to the 
anterolateral aspect of the left ventricle. The strips in column 1/ were 
recorded after opening the chest. When recording strip b„ the explor- 


ing electrode was on the anterolateral aspect of the pericardial sac. The 
strips in columns c'. and d’ were recorded immediately after closure of 
the pericardial sac, When strip c„ was recorded the exploring electrode 
was superjacent to the region denuded of epieardium (which did not 
lie directly beneath the wound in the pericardial sac). .A large JIS-T 
junction displacement, ascribed to subepicardial trauma, is present. 
M ben recording strip <L, the exploring electrode was on the pericardium 


superjacent to a region of normal ventricular wall near the apex. No 
IbS-T junction displacement is present. At this stage of the experi- 
ment the chest was closed. 
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On the fourth postoperative day the chest was reopened and the 
anterolateral aspect of the pericardial sac was explored with unipolar 
leads. The two columns of strips under a and b of Fig. 5 were obtained. 
They include strips «, through a., for the recording of which the ex- 
ploring electrode was placed on the pericardial sac at the following 
positions: for a v the center of the sutured region; for a„, the anterior 
end of the sutured region; for «■,, the posterior end of the sutured re- 
gion; and for «•.„ a : „ a M and a-, at 1, 2, 3, and 4 cm., respectively, from 
the sutured region on a line toward the apex of the left ventricle. KS-T 
junction displacement due to injury from postoperative pericarditis is 
present in all of the foregoing unipolar leads except a,, u n , and a-. 
After taking the strips of column a the exploring electrode was returned 
to the a., position, where it remained throughout the rest of the experi- 
ment with one exception, i.e., strip b„, which was taken with the elec- 
trode at the position of recording strip a-. Upon return of the electrode 
to the position for recording a 4 , the pericardial sac was reopened through 
the old incision. A ligature was passed around the anterior descend- 
ing branch of the left coronary artery and the associated veins and 
was tied seciu’ely. Five minutes thereafter the strips in column b were 
recorded. After taking strip b x the electrode was moved for recording 
strip h.,, and was then promptly returned for recording strip b :s . At 
subsequent intervals (indicated by the dashed numbers over row four) 
the strips of columns c through i woe recorded. Within the interval 
between columns e and f the fifty-minute occlusion was terminated. 
Only minor changes are observed in the standard Leads J, TT, and III. 

Throughout the first five minutes of occlusion the changes in the 
unipolar lead are striking. They are prominent, however, throughout 
the remainder of the occlusion period. The potassium (?) T effect is 
present in recordings b, and b s , an effect which is slight in strips c } 
through e,. The JIS-T junction displacements ascribed to injury oJ 
occlusion remain nearly constant throughout the final fifteen minutes 
of occlusion and, concurrently, a prominent Q develops. Within the 
first ten minutes after termination of occlusion, the electrocardiographic 
chajiges produced by occlusion have practically vanished. Only a small 

B-T junction displacement remains (strip f / x ) . In strips h x and i x no 
effects of injury are present. 

1 lie experiment shows that striking KS-T junction displacements due 
to local postoperative pericarditis may continue to exist through the 
iourth postoperative day. It likewise shows that changes in QKS and 
in the final ventricular deflections produced by a fifty-minute occlu- 
sion may disappear completely in fifteen minutes after the occlusion 
is terminated. As might be surmised from the appearance of the elec- 
trocardiographic changes, the artery occluded in Experiment fi was 
not as large as that occluded in Experiment 1. 
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DISCUSSION 

In 1937, Blumgart, et al., 8 after experimenting with temporary coro- 
nary occlusion in cats, concluded that electrocardiogianis ie\ealed 
anoxemic changes (due to occlusion) persisting during, the postopera- 
tive days in all animals in which occlusion was maintained from five 
to forty minutes inclusive.” In their controls only one animal was 
followed with serial electrocardiograms after the first postoperative 
day. In this connection it should be recalled that, in dogs, the RS-T 
junction displacements due to postoperative pericarditis do not reach 
maximum until the end of the second postoperative day. During a 
presentation of their work, 9 Dr. Blumgart asserted that, in excluding 
pericarditis as a cause for the prolonged electrocardiographic changes, 
they “relied entirely on decided S-T take-off changes and changes in 
the S-T segment.” The changes they observed, however, became less 
pronounced immediately after cessation of occlusion (similar to our 
results in the dog). They also observed that the, changes increased 
during the first few postoperative days (as did our changes in the dog 
which were due to postoperative pericarditis). They found no corre- 
lation between the duration of occlusion and the magnitude or duration 
of the observed electrocardiographic changes. Finally, they suggest, 
that the pathologicopl^siologic changes observed in their cat experi- 
ments are similar to those in man when angina pectoris is associated 
with persistent electrocardiographic changes and no coronary occlusion 
or myocardial infarction is found at autopsy. 

Although we have not worked with cats, our observations on dogs 
do not permit us to accept the interpretations which they have placed 
upon their electrocardiographic changes. We believe that all the elec- 
trocardiographic changes (other than mechanism disturbances) which 
they obtained on and after the first postoperative day and which were 
ascribed by them to occlusion were actually due to postoperative 
pericarditis. 

In 1941, Blumgart, et al. 10 working with dogs, found that temporary 
coronary occlusion which lasts from five to forty-five minutes “usually 
caused electrocardiographic changes which persisted for days to weeks. ! 5 
In curves from five control animals, they describe RS-T and T-wave 
changes which were like in kind to those obtained from animals under- 
going temporary occlusion. They state that “only the changes which 
Were different from, or much greater than, those observed in any of 
the control experiments were considered as definitely due to the effects 
of occlusion.” It may be observed from their data that the average 
duration of occlusion which produced no significant electrocardiographic 
changes was twenty-four minutes, whereas the average duration of 
occlusion which produced significant electrocardiographic changes was 
twenty-seven minutes: Thus, they were able to find no correlation 
between the electrocardiographic changes, on the one hand, and the 
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duration of tlu* occlusion (and the magnitude of the myocardial lesions), 
on the other. Their electrocardiographic interpretations were based 
upon extremity leads recorded before, during, and after occlusion. 

(Tur results do not permit us to accept the interpretations which thev 
have placed upon their electrocardiographic, observations. We are 
convinced that all the electrocardiographic changes which they ob- 
tained on and after the first postoperative day and which involved the 
final ventricular deflections were due, as pur experiments seem to 
prove, to a local postoperative pericarditis. 

Our experiments show that RS-T junction displacements due to in- 
jury and. produced by temporary occlusions of comparable duration 
vanish in less than thirty minutes after the occlusions are terminated. 
This is to be expected, for the muscle which “writes” the changes is 
not dead or irreversibly altered by deprivation of its arterial blood 
supply. 7 When coronary occlusion is permanent and the RS-T junction 
displacements persist for a week or two, it is not the infarcted muscle 
which “writes” the injury effect, but the perifocal /.one of living mus- 
cle/' With temporary coronary occlusion, uncomplicateil by arterial 
thrombosis, no such perifocal /one of muscle exists. The central region 
of the muscle ordinarily irrigated by the occluded artery remains in 
the injured state throughout occlusion and for a brief period there- 
after. 4 Other things being equal, the duration of the latter period is 
directly proportional to the duration of occlusion. 

At the present time we are not in position to deal fully with the 
nature of the QRS changes (Figs. 1 and 5) associated with temporary 
occlusion. It is our present opinion, however, that the breakdown of 
the QRS complex in unipolar leads recorded with the exploring elec- 
trode superjacent to the involved muscle is rather closely connected 


with irreversible deterioration of the subjacent myocardium. Electro- 
cardiographic changes of this kind, which continue for days after 
temporary occlusion, should show a close correlation with gross ancl/oi 
microscopic evidence of local muscle death. Other factors being equal, 
the difference in serial electrocardiographic changes due, on the one 
hand, to permanent coronary occlusion and myocardial infarction, and. 
on the other hand, to temporary occlusion and myocardial infarction, 
is. we contend, entirely confined to the duration of the changes in the 
final ventricular deflections — a duration which is prolonged in the ease 
of the former, and brief in the ease of the latter. .Moreover, since the 
same kind of changes occur in the final ventricular deflections in the 
presence as well as in the absence of myocardial infarction, •'* emphasis 
is justly placed on the occurrence of certain permanent QRS changes 
for reliable aid in the electrocardiographic diagnosis of myocardial 
infarction. 7 


I nlike Itlumgart, et ah, 10 we find no evidence that 
(iouship between the persistent, electrocardiographic 


there is a rela- 
cliaiiges which 
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may follow'' certain attacks of angina pectoris in man, arid the per- 
sistent changes which are associated with experimental temporary cor- 
onary occlusion. The former may he ascribed to persistent, acute, 
local ventricular ischemia which, in turn, is due to a concurrent, local, 
subtotal occlusion. The latter are certainly due to a local postopera- 
tive pericarditis. Our explanation of the electrocardiographic changes 
which may follow; an attack of angina pectoris does not specify , the 
mechanism of occlusion. Conceivably, the mechanism might differ in 
different instances. The explanation likewise involves the problem of 
cardiac pain. The site of origin of cardiac pain is still unsettled. We 
believe the available evidence favors the idea that cardiac pain results 
from impulses which originate in the walls of the. coronary system. 
Thus, the occurrence of painless myocardial infarction, the occurrence 
of severe attacks of cardiac pain without infarction and with or with- 
out associated electrocardiographic changes, and the occurrence of 
painless, acute, and chronic local ventricular ischemia arc explainable. 


SUMMARY 

1. A method is presented by which the electrocardiographic changes 
due to experimental coronary occlusion may he differentiated from 
those caused by the associated postoperative pericarditis. 

2. It is shown that the changes in the final ventricular deflections 
which are due to experimental, temporary, coronary occlusions of fifty 
minutes, or less, vanish completely within thirty minutes after cessa- 
tion of occlusion, and that the changes which appear on and after the 
first postoperative day are caused by local postoperative pericarditis. 

3. Other factors being equal, the. duration of the electrocardiographic 
changes which immediately follow'' cessation of occlusions of fifty min- 
utes, or less, is directly proportional to the duration of the occlusion. 

4. There are no differences in the magnitude or in the kind of elec- 
trocardiographic changes which are produced by acute local ventricu- 
lar ischemia and injury, on the one hand, and by local postoperative 
pericarditis, on the other. The former occur during, and for a brief 
time after, temporary occlusion. For the most part, the latter occur 
on and after the first postoperative day. The site of generation of the 
electrical effects which account for the two etiologicallv different 
groups of changes is different, i.c., the electrical effects associated with 
occlusion are generated in the muscle ordinarily irrigated by the oc- 
cluded artery, whereas those associated with postoperative pericarditis 
are generated by the muscle adjacent to the local epicarditis which 
results primarily from the trauma of dissection of the coronary artery 
and from the trauma caused by the sutures wdiieli ( 'n'o used to close 
the pericardial sac. 

5. These observations differ decidedly from those of others 8 * 10 Wo 
ascribe the differences 1o the use. by others, of extremity leads only. 
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It is important nut to rely entirely upon extremity leads for an evalu- 
ation of tlie electrocardiographic changes which occur in association 
with animal experimentation. 

Thanks are extended to Martha E. Bayley, R.N., for valuable technical assistance. 
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EFFECT OF DEHYDRATION, PRODUCED BY" MERCUPURIN, 
ON THE PLASMA VOLUME OF NORMAL PERSONS 

Richard H. Lyons, M.D., Noyes L. Avery', M.D., and 
Samuel D. Jacobson, M.DA 
Ann Arbor, Mich. 

I T HAS been assumed 1 * 2 that the plasma volume remains relatively 
constant with dehydration because it is protected by the much larger 
extracellular fluid volume. Using improved techniques for measurement 
of the plasma volume, however, it has been found that considerable de- 
creases in the plasma volume may be associated with dehydration in- 
duced in animals by removal of intestinal fluid 3 or the intrapefitoneal 
injection of glucose , 1 and in man by diabetic acidosis 5 and the admin- 
istration of ammonium chloride.® 

There is considerable variation of opinion concerning the mode of 
action and the effectiveness of mercurial diuretics in different diseases 
because of the variability in the diuretic response from patient to patient 
as well as in a single patient. When edema is present, it is difficult to 
evaluate- the role played by diuretic drugs because of the spontaneous 
variations in the pathologic process. In general, it may be said that the 
diuretic response in patients with heart failure is roughly proportional 
to the amount of edema . 7 

There is little information 8 concerning the action of mercurial di- 
uretics on normal subjects, and, consequently, there is no standard upon 
which diuresis may be evaluated. Occasionally, these diuretics are 
administered to patients who no longer exhibit clinical evidence of 
edema, and, when diuresis results, it may be interpreted as evidence of 
- “subclinical edema.” 

These observations were made on normal subjets in an effort to estab- 
lish a base line by which the diuretic effect of a single dose of one organic 
mercurial compound might be evaluated, and to assay the effect of this 
type of dehydration upon the plasma volume. 


METHODS 


Ten patients in good health, who were free from cardiovascular or ’ 
renal disease and had never had edema, were selected as normal subjects 
for studjv Each subject had been on the routine hospital diet, with fluid 
and salt ad lib., for several days before the observations, and was pre- 
sumably in a “normal state of hydration. ” 

On the day the observations were started, the subject was weighed in 
the rested, post absorptive state on a beam balance which was accurate to 


Received for publication July 31, 1943 . 
‘Upjohn fellow in research. 


247 



24S 


AMERICAN' HEART JOURXAL 


2 grams. After the weighing, lie was placed on a table, and blood 
samples were taken for determination of the plasma volume, 0 hemato- 
crit, 10 and serum proteins. 11 After forty-five minutes on the table, 
estimations of the arterial and venous blood pressures 12 were made, and, 
at the conclusion of the observations, 2 e.e. of mercupurin were injected, 
intravenously. During the day, the patient was allowed fluids ad lib. 
and consumed all the food on his trays. The following morning the 
subject was again weighed, and the observations were repeated while he 
was in the rested, post absorptive state. 

If the subject consumes his usual diet, changes in weight from one day 
to the next will reflect closely changes in the water content of the body. 
It can, therefore, be assumed that the weight lost twenty-four hours 
after an injection of mercupurin closely approximates the diuresis pro- 
duced. The error of such an assumption is of little significance in deal- 
ing with the large changes in weight which were observed. 

Control determinations of the plasma volume and hematocrit were re- 
peated twenty-four times on successive mornings on twenty-two normal 
subjects. There was a mean difference between the determinations of 
plasma volume of -27.5 ± 19.1 e.e., or -0.95 ± 0.64 per cent of tbe initial 
volume, and a mean percentage change in the hematocrit of -0.75 ±0,52. 
In thirteen repeated determinations of the total serum protein, there 
was a mean percentage change of -0.60 ± 1 per cent. 


RESULTS 


All subjects experienced a diuresis, and in every case there was a fall 
in the plasma volume, associated with an increase in the hematocrit read- 
ing and serum protein concentration. The changes in plasma volume, 
serum protein concentration, hematocrit, venous pressure, and body 
weight are presented in Table I. The percentage change expresses the 
variations in plasma volume for the group more accurately than the 
actual change, for the plasma volume will vary considerably with the 
size of the subject. 

Although all of the subjects had a diuresis, there was considerable 
variation irr the degree of response. The average weight loss was 1.73 r 
9.3 kg., or 2.64 ±0.5 per cent of the body weight. Two subjects. No, 
2 and No. 10, had a 3,5 kg. weight loss, while two others lost only 0.5 
and 0.7 kg., respectively. The larger subjects underwent a greater 
change in weight than the smaller ones. 


1 he tall in plasma volume was roughly proportional to the extent of. 
diuresis. I lie average decrease in the plasma volume was 544 ±87.7 c.c., 
ot -la.7 2.4 per rent of the initial plasma volume. In two cases, No. 7 
aw . o. J, the change in the plasma volume was small, and in each in- 
stance the diuresis was considerably below the average for the group. 

ic pet coinage increase in serum protein concentration and hematocrit 
ws consif eiablv less titan the decrease in plasma volume. The average 
change in serum proteins was 0.74-0.14 dm., or -ril.5 . 2.6 per cent. 
I here was a mean iner.-aso in tj„, packed ,-eJls of the hematocrit of 
" n nn*an I'lwnw of only fU) ± 
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Table I 


Changes Twenty-Four Hours After the Administration of 2 c.c 

to Ten Normal Subjects 


of Mercupurin 
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Accompanying the diuresis there was a fall in the venous pressure in 
every case; in some instances this was quite striking, whereas in others 
it w r as of little significance. There was an average decrease of 25.2 ± 5.3 
mm. of saline from the control determination. The control venous pres- 
sure measurements were all normal, ranging from 70 to 136 mm. of 
water. There was no significant relationship between the control level 
of venous pressure and the degree of change. The changes that were 
most pronounced occurred in Cases 4, 8, and 10, in which the control 
venous pressures were 78, 120, and 100 mm. saline, respectively. - In 
general, the fall in venous pressure roughly paralleled the decrease in 
plasma volume and body weight. There was also a. significant decrease 
in the pulse pressure, with a rise in the diastolic pressure and a fall in 
systolic pressure. _ 

The majority of the subjects observed no change in their state of well- 
being except some increase in lassitude. A few noted a sensation of 
weakness and tiredness in the supine position, with dizziness and light- 
headedness on standing. This was particularly evident in Cases 1, 5, 
and 10. 

DISCUSSION 

There are many conflicting reports in the literature concerning the 
changes in the plasma volume after giving mercurial diuretics. This 
conflict is probably the result of deductions drawn from slight varia- 
tions in the constituents of the plasma, from differences in the time 
the observations were made, and, possibly, from different types of ex- 
perimental material. 
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Many investigators have used alterations in llie concentration of 
serum proteins as an index of change in plasma volume. Some ’ 3 re- 
ported decreases in the plasma protein concentration shortly after the 
injection of a mercurial diuretic, followed later, in some instances, by a 
rise in the plasma protein. Others 1 * observed no decrease in the plasma 
protein, but a consistent increase in its concentration during and after 
the period of diuresis. Studies based on techniques that measure the 
plasma volume directly also are in disagreement. Felier 15 found that 
there was an elevation of the plasma volume either at the height of the 
diuresis or after diuresis. Brown and Rowntree 1cA and Swigert and 
Pityicu f ounc ] changes in the blood volume in either direction. Oold- 
hammer, ct al., 17A Evans and Gibson, 17 ” Calvin and Deeherd , 170 and 
Herrmann and Decherd 17D reported that consistent decreases in the 
plasma volume were present with the onset of diuresis and at the com- 
pletion of diuresis. 

The changes in protein concentration and plasma volume have been 
used to support theories concerning the action of mercurial diuretics. 
The demonstration of a decrease in plasma protein concentration and an 
increase in plasma volume is used to support the theory that these drugs 
act on the tissues and mobilize tissue fluid. The observers who found 
increases in protein concentration and decreases in plasma volume con- 
sider that these changes are evidence of direct action of the mercurial 
diuretics on the kidney. This view receives strong support from the 
work of Coverts, 1 * Christian and Bar tram, 1 ” Herrmann, et ah , 29 and 
Blumgart et al., 7 ' * who have approached the problem in a different 
manner. If the action of mercurials is directly on the kidneys, pre- 
sumably through diminished tubular absorption as the preponderance 
of more recent work would suggest, then the plasma volume should 
fall as tubular absorption is impaired, unless it is completely protected 
hv the. extracellular fluid. There would appear to be no reason to expect 
an increase in plasma volume under these circumstances unless protein 
were added to the blood stream, as suggested by Nonncnbrueh. There 
is no evidence, however, that protein is added to the blood stream; it 
may actually be lost in certain instances . 21 ’ 22 « 

flie results reported here cannot answer the question whether there 
aie shifts in the plasma volume before or at the time of diuresis. The 
measurement of plasma volume twenty-four hours after the injection 
oi inereupurin will reflect only the end result of the diuresis. .As such, 
ho\\eu*r, there appears to be no suggestion that hydremia has occurred. 
It is also evident that the plasma volume is not well supported by the 
extracellular fluid volume. 

If the action of mercurial diuretics is directly on the kidney, it might 
x. expected ihat the plasma volume of normal subjects would suffer 
grtatei changes in proportion to the fluid lost than that of an edema- 
tous su fjoet, vhicli is presumably supported by a larger volume of extra- 
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cellular fluid. This may, in part, explain the inconsistent results of 
Swigert and Fitz 1GB and otliers who studied. edematous patients. It does 
not explain an increase in the plasma volume after diuresis, and this did 
not occur in the eases reported here. 

Blumgart, et al., 8 in a careful balance study of two normal subjects 
who were undergoing’ salyrgan diuresis, calculated that 9.0 per cent of 
the water lost under these circumstances comes from the extracellular 
fluid, and only 10 per cent from the tissues. The results in these ten 
subjects indicate that the decrease in plasma volume contributes greatly 
to * the weight lost. The loss of plasma volume would account for 
39.6 ± 9.5 per cent of the decrease in body weight. In Cases 4 and 6. 
the decrease in plasma volume accounted for nearly all of the change in 
body weight. If these cases are eliminated, the change in plasma volume 
in the remaining eight cases accounts for 26.3 ± 3.8 per cent of the weight 
lost. This is in striking contrast to the effect of ammonium chloride 
diuresis in a similar group of normal subjects, 6 in which the decrease 
in plasma volume accounted for only 12.2 ±1.2 per cent of the weight 
lost. 

It is interesting that the average diureses observed in this group of 
normal subjects after 2 c.c. of mereupurin, namely, 2.6 per cent of the 
body weight, was less than that which occurred in a similar group on a 
low-salt diet and ammonium chloride ; c the latter had an average diuresis 
of 4.4 per cent of the body weight after a three- or four-day period. 
Ordinarily, patients with edema do not have a greater diuresis with am- 
monium chloride than with mereupurin. This discrepancy in these 
normal subjects may be explained by the fact that, with ammonium 
chloride, water is lost from both fluid compartments in nearly equal 
amounts, 23 whereas, with mereupurin, water is lost largely from the 
extracellular fluid compartment. Thus, in the absence of abnormal ac- 
cumulations of extracellular fluid, ammonium chloride administration 
might be expected to produce a greater weight loss. 

These results suggest that a normal subject may have a diuresis of 
2 to 6 pounds, or 1 to 4 per cent of the body weight, in response to a 
2 c.c. injection of mereupurin. At times, after a patient has recovered 
from congestive heart failure, diuretics are still used when there is no 
longer clinical evidence of edema. When a diuresis of six pounds or 
less occurs in such cases; it should not necessarily be interpreted as evi- 
dence of abnormal accumulations of edema fluid, and should suggest 
that further diuresis may not be necessary. Such a diuresis should not 
be interpreted as evidence of “subelinical edema.” Furthermore, the 
administration of mercurial diuretics to such patients mav produce 
severe dehydration and the clinical picture characterized by weakness. 

' a P a fhy, delirium, and, at times, unconsciousness, described by Poll and 
Stern. 24 
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The failure of the. concentration of serum protein and the hematocrit 
readings to increase in proportion to the fall in -plasma volume under 
these circumstances has been noted before. 23 This again is evidence that 
shifts in these components fail to reflect quantitatively the change in 
plasma volume, although they ma.y indicate that the plasma volume is 
undergoing changes, and the direction of the change. 

The consistent fall in the venous pressure in these cases appears to 
be ’related to the decrease in plasma volume and body weight. Large 
changes in the plasma volume, with two exceptions, Cases 2 and G, were 
accompanied by pronounced changes in the venous pressure. . Since the 
veins of the forearm are a series of collapsible tubes, the pressure in 
them is dependent upon the pressure of the surrounding tissues, 25 the 
intrathoraeic pressure, 28 and the pressure in the right auricle. 27 Ryder, 
Molle, and Ferris 20 have indicated that the pressure in a peripheral 
vein in normal subjects is a function of tissue pressure causing collapse 
of that; vein along its course to the heart, so that it is independent of the 
auricular pressure. Richards, et al., 27 found a gradient of 39 mm. of 
water between the anteeubital venous pressure and the auricular pres- 
sure in nine normal subjects. The gradient tends to disappear as the 
pressure in the auricle rises in congestive heart failure. The pressure 
in the peripheral veins is not changed by decreases in the intrathoraeic 
pressure below normal, but will be affected by increased intrathoraeic 
pressure. 23 Another factor, however, must be considered in evaluating 
the decrease in venous pressure. 'Warren and Stead 20 found that, with 
pooling of blood in the lower extremities of six normal subjects, there was 
a fall in the anteeubital venous pressure of 23 mm., and, in the external 
jugular pressure, of 53 mm. Under these circumstances, the decrease 
in the amount of blood returning to the auricle was the chief factor 


affecting the venous pressure, and it would appear that either the volume 
of blood flow or the auricular pressure, or both, had some effect on the 
peripheral venous pressure. 

The fall in venous pressure after the injection of mercupurin may 
be explained by several factors. The loss of extracellular fluid in 
the tissues surrounding the anteeubital vein may result in a de- 
crease in tissue pressure. In these eases, the weight loss was rela- 
thely small, and it appears unlikely that; this factor would be of groat 
importance. r I he decrease in arterial pulse pressure and the symptoms 
of weakness and apathy at rest in bed and dizziness and faintness in 
the upright position experienced by some of these subjects suggest that 
there v,as a decrease in the blood flow. Tiiis might produce the fall 
in venous pressure as a result of the decreased tilling of the vascular 
bed in the region of the anteeubital vein, thereby decreasing the tissue 
tone. The decrease in blood flow, if present, may be the result of a 
doci ease in the auricular pressure associated with the lower plasma vol- 
ume, which may be reflected by the fall in the anteeubital venous pres- 
sun.. The lailtue to demons! rate more consistent changes in the venous 
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pressure under these circumstances may be the result of individual 
variation in the .degree of local obstruction to the flow of blood in the 
antecubital vein, which thus masks changes in the auricular pressure. 

The symptoms exhibited by some of these normal subjects are similar 
in many respects to those noted by edematous subjects after extensive 
diuresis, 24 and suggest that diminishing blood volume may play an im- 
portant role. The clinical picture of apathy, weakness, delirium, and 
unconsciousness after extensive diuresis and the symptoms associated 
with a diminished blood volume which were noted by the normal sub- 
jects are analogous, in main' ways, to the clinical appearance and circu- 
latory defect of shock. 


summary 


1. Plasma volume, serum protein concentration, hematocrit value, 
arterial and venous blood pressures, and body weight were determined 
in ten normal subjects before, and twenty-four hours after, the injection 
of 2 c.c. of mereupurin. 

' 2. There was a fall in plasma volume in every case, averaging 544 ± 
87.7 c.c., or 15.7 ± 2.4 per cent of the control determination ; an average 
rise in serum proteins of 0.74 ± 0.14 Gm., or 11.5 ± 2.6 per cent; and an 
average rise in hematocrit of 2.9 ± 0.6, or 6.9 ± l.S per cent. 

3. A diuresis was experienced in every case ; the mean was 1.73 ± 0.3 
kg., or 2.6 ± 0.5 per cent of the body weight. 

4. Associated with the diuresis and decrease in plasma volume, there 
was a fall in venous pressure and pulse pressure. 

5. In some instances, the subjects exhibited weakness, apathy, dizzi- 
ness, and faintness, suggesting a diminution in cardiac output. 
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Clinical Report 


SUCCESSFUL USE OF A MASSIVE DOSE OF QUINIDINE IN 
A CASE OF INTRACTABLE VENTRICULAR TACHYCARDIA 


Nathaniel, E. Reich, M.D. 

Brooklyn, N. Y. 

V ENTRICULAR tachycardia is very serious in conjunction with 
advanced lieart; disease. It- lias been produced experimentally hv 
lijration of the coronary arteries. 1 Apparently, in such cases, fin? 
ischemic area becomes irrilable, and hence becomes the source of this 
idioventricular rhythm. 

A ease of ventricular tachycardia is described in which a very large 
dose of quinidine ( LSI grains) over a relatively short, period of time 
(two and one-half days) was required to establish normal rhythm. It 
was thought worth reporting to show Ihc relative safety of a huge 
amount of quinidine in cases of intractable ventricular tachycardia, 
providing serial electrocardiographic studies are made before each dose 
in order to study the QRB complex. 


CASE REPORT 


-1. F.. an attorney, aged 56 years, complained of a sudden, pressing, 
sub.sternal pain which spread to the entire upper part of the chest and 
down both arms, and finally localized in the sub.sternal region. 

• . 1 1 _ • i • ( 1/1 T j! ... i 1 * . A ^ - 


This 


hemorrhage at the age of. 65 years, and his sisler had had coronary 
thrombosis two years previously. His habits were very regular, and 
he had played golf weekly until his present illness. 

Kxamhuttvm. — Examination revealed normal lemperatnre and res- 
pirations. with a regular pulse at. a rate of 80 per minute. The patient 
was cold, slightly ashen, and nauseated. The eye grounds showed slight 
ai tenoselerosis. without hemorrhages or exudates. The lungs were 
111 n • ttW’mal. The cardiac apex was in the sixth intercostal space, 3 
<m oulsuie the middavieular line. The sounds were of very poor 

qua i }. here were no thrills, murmurs, or friction rubs. The blood 
pressure was 116/SR. 

,i, single dose of morphine, with atropine sulfate, and small 

0 f i undine were employed the first dav. The following day, 

, LL ™ !‘ S r i r*\ a , ml 1,onn »l M>1or had returned. The patient’s 
ihiriv-siv mn! ma , ; irK u lht ‘ quality of the heart sounds improved. About 
, ' ' ' ' - } ? at ,M ’ ^ 1( ‘ attack, he suddenly coughed up mstv sputum, 

the Kt ST: t] r l s,i "^ '»«”"'*« fine, crepitant riles at 
i -lit, luii". Examination of the sputum revealed a 


Dpparinif'nt or Interna. V«»cln*. 



REICH: QUIKIDISE AND ' VENTRICULAR TACHYCARDIA ‘ 

Type XII pneumococcus 

per cent polynudears. The icte ^ w as consolidation of tlie 

the temperature rose to 102 r., left lower lohe. There 

right lower lobe, which spread to the base ol me text 1Jreco rd5al 

was a favorable response to sulf adiasme. OnlW !, 1 

friction rub synchronous will the. heart beat thcrc W as 

S tm°lSed riipidly when 
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lobes, and were attributed to persistent pneumonitis. On the sixtee 
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Fig. 1. — A, Ten hours after onset; no significant changes. B, Twelve days later; 
Lead I : small R wave with increased prominence of S wave ; Lead II : notched S 
wave ; elevation of RS-T segment in first three leads ; suggestion of acute right ven- 
tricular strain. C, Ventricular tachycardia. D, After 1 85 grains of quinidine, heart' 
rate fell to 08 ; P-R interval, 0.58 second, returned to normal spontaneously four 
hours later. 
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day there was a second attack of precordial pain, and the blood pres- 
sure fell to 90/70. The following day the heart rate rose suddenly to 
180 beats per minute. This was uninfluenced by carotid sinus or eyeball 
pressure (Fig. 1). It was decided to give 10 grains of quinidinc ap- 
proximately every two hours. An electrocardiogram was taken before 
every dose for study of the rate, rhythm, and the QRS interval. It 
was imperative not to allow this interval 1o exceed 0.18 second because 
of the danger of ventricular fibrillation and death. A total of 185 
grains was given in two and one-half days, with a free interval of ten 
hours (Table I). 

Table I 


BAY 

noun I 

BLOOP 

PRESSURE 

l'ULSE 

QUJNIPINK 
nosAOE iff or; a in's 

Friday 

4:.'!0 r.M. 

84/70 

ISO 

10 


| 0:30 

84/70 

154 

10 


8:30 

80/02 

138 

10 

! 

10:23 

Not 

obtainable 

! 

-| 

120 

Very irregular 
and thready 

l /i ampoule corn- 
mine 

3 minims adren- 
alin 


11 :30 

82/72 


- 

.Saturday 

2 A.M. 

88/72 


10 


4 

SO/74 

144 

10 


0 

80/70 

130 

10 


8 

78/00 

112 

5 ("Vomiting) 


10 

| 

78/02 

110 

5 (Vomiting; 


Discontinued for ten hours be am a/: of vomiting 



8 P.M. 

10:30 

11:45 

86/70 

80/70 

88/70 

120 

112 

120 

w 

a 

5 

Sunday 

2 A.M. 

90/08 

110 

10 


7 

80/02 

118 

- 


J1 :45 

98/78 

120 

10 


4:15 P.M. 

90/00 

130 

10 


0:30 

80/08 

120 

10 


8:30 

90/70 

110 

10 


10:15 

80/08 

110 

10- 

Monday 

12:30 A.M. 

■K7Q jrnmmm 

114 

Iff ’ , 


2:30 

■ 

100 

10 


4:30 


104 

10 . 


0:30 


08 

5 J 


3:00 p.m. 

92/70 

02 

- 


5:00 

92/08 

58 

.. 


10:00 

1 15/80 5 

72* 



iiiotiUjlT ;m ‘ I Uloo<l iirv-KKurc Intro remained at tliia level for tin: pant fifteen 


COMMENT 

,• (Vtse illustrates decisively the specific effect of quinidinc on ven- 
tiicuhir tachycardia when it is given in sufficient dosage. We, as well 
as others, • believe that this is the largest dose of quinidinc sulfate 
ever given over such a short period of time. 

ontinued \enti ieular tachycardia presents a serious situation. Jt is 
ions tli.it the heart of a man ~>tt yen rs of age cannot maintain, for 
ong, a late ol luO to 200 beats per minute. Therefore, the gravity of 
t r cM-nt wan ants the risks involved in giving quinidinc in very large 
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doses. The exact dosage is variable, and should be ascertained, not by 
trial and error, but by electrocardiographic studies before each succeed- 
ing dose is given. This is important because the degree of myocardial 
poisoning must be carefully evaluated before the next dose can be given 
in order to prevent serious cumulative effects. The duration of the QBS 
complex was employed as, an index of such poisoning. An increase up to 
25 per cent is allowable. 4 Any further . prolongation increases the 
danger of fatal ventricular fibrillation. Other causes of death which 
must be kept in mind are respiratory paralysis in patients who arc 
susceptible to the drug, and embolism upon resumption of norm’al 
rhythm. 

The maintenance of quinidine concentration depends on two defi- 
nite factors: the dosage, and the rapidity of its excretion. Since 
quinidine is rapidly excreted and shows very slight cumulation, the 
element of importance in dosage is the size and frequency of tile indi- 
vidual dose, rather than the total quantity given over a period of time. 

X. Dosage Factor . — Although the average dose of quinidine is from 
about 15 to 30 grains daily, there are several reports on the use of 
extremely large doses. Viko, Marvin, and White 5 gave daily doses up 
to 60 grains. Levine and Pulton 0 gave as much as 112 grains in twenty- 
four hours to one patient with ventricular tachycardia, and 36 grains 
daily, for months, to another. In Gold’s case, 4 the dosage was gradu- 
ally increased to the point of minor toxic effects. Altogether, the pa- 
tient took a total of 38,456 grains (more than 75 ounces of quinidine 
sulfate), or an average of about 48 grains daily for 802 days. Jezer 
and Schwartz 7 gave a total of 312 grains over a period of nine days, 
in total daily doses ranging from 6 to 72 grains, for the treatment of 
auricular flutter. Temporary amblyopia and irregular return of the 
flutter were noted. 

2. Excretion Factor . — Quinidine excretion is influenced by a num- 
ber of factors: individual variation, diuresis, renal permeability for 
the urinary solids, and muscular effort. However, excretion of the drug 
is carried on largely through the urine. According to Wedd, 8 this varies 
in individual cases, but usually the drug cannot be detected fifteen 
hours after the single maximum therapeutic dose. Prom this, one may 
conclude that there is little danger from cumulative effects, and also 
that, for continuous administration, the interval between doses should 
not be too great. There are several experimental studies which show 
that quinidine is very rapidly excreted. 9 * 10 Ordinarily, not more than 
six hours should elapse if any continuous effect is desired. 

Wiecliman 11 found that,, although individual differences in excretion 
occurred, in general, quinidine excretion was directly proportional to 
the urinary output. A greater amount was excreted on the day after 
the administration of small fractional doses than on the day after the 
same quantity was given as a single dose. Excretion was uninfluenced 
by digitalis therapy. 
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Weisman 12 studied the rule of concentration and elimination of 
quinidine, and found that single doses of 300 mg. (V/> gr.) produced 
a maximum concentration in the heart muscle in thirty minutes. Jt 
was completely eliminated from the heart in four hours. A single dose, 
six times as large, caused these periods to be doubled. The lungs, liver, 
kidney, and spleen reacted similarly. When four small doses were 
given at hourly intervals, the maximum concentration was reached in 
two hours and the drug disappeared in five hours. 

CONCLUSION'S 

3. Over a period of two and one-half days, 385 grains of quinidine 
were employed successfully in a case of unremitting ventricular tachy- 
cardia. 

2. We have been unable to find any record of a larger dose of quini- 
dine being given over a shorter period of time. 

3. Safety in giving tremendous doses of quinidine over a short period 
of time in a case of intractable ventricular tachycardia is possible, pro- 
viding an electrocardiographic study of the QRS interval is made be- 
fore each dose of 10 grains. An increase of approximately 25 per cent 
is allowable in any lead. Above this, the danger of ventricular fibrilla- 
tion increases, and further administration is unsafe. 

4. The electrocardiographic studies and treatment were instituted, 
in this case, in the home, and could probably be employed with even 
greater ease in the hospital. 

I am indebted to Dr. ,T. Hamilton Crawford and Dr. Harry Gold for tlielr kind 
sugggest ions. 
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Selected Abstracts 


Gregg, D. E., and Shipley, R. E.: Changes in Right and Left Coronary Artery 

Inflow With Cardiac Nerve Stimulation. Am. J. Physiol. 141: 3S 2, 1944. 

The effects of stimulation of the stellate ganglia and their cardiac branches on 
coronary inflow in the anesthetized, open-chest dog have been studied with the 
use of the rotameter (for recording mean rate of inflow) and the orifice meter 
(for recording phasic flow). 

Stimulation of these structures usually causes a considerable and sustained 
augmentation of left coronary inflow and a somewhat smaller increase in right 
coronary inflow. In no instance was a sustained reduction, in flow observed. 

The increase in mean rate of flow is the resultant of a decreased inflow during 
systole and a proportionately larger increase in flow during diastole. Occasion- 
ally, the phasic redistribution of flow throughout the cycle is such that the net- 
flow increase is quite small. 

The augmentation of coronary inflow is frequently accompanied by simultane- 
ous elevation of aortic blood pressure and/or heart rate. However, observations 
that tliej inflow increases when these variables either do not increase spontane- 
ously or are artificially kept at the control level, indicate that these factors alone 
are not an indispensable part of the mechanism by which coronary inflow is 
increased. 

The augmentation of coronary inflow is regarded as an indication of coronary 
vessel dilatation. The mechanism remains to be determined. 

Authors. 

Langendorf, R., Katz, L. N., and Simon, A. J.: Reciprocal Beating Initiated by 

Ventricular Premature Systoles. Brit. Heart J. 6: 13, 1944. 

A case is presented showing sinus rhythm and ventricular premature systoles 
followed at a fixed interval by another premature ventricular complex of supra- 
ventricular origin. The occasional presence of inverted P waves between the two 
premature ventricular beats suggested reciprocal rhythm. This was substantiated 
not only by the constant interval between the two premature ventricular beats 
but also by the occurrence of P waves preceding the second premature ventricular 
beat at a distance so short as to preclude the possibility of conduction of an im- 
pulse from the auricles to the ventricles in the second beat. 

In the authors’ case, evidence is presented to suggest that the point of re-entry 
was below the auricles and above the bifurcation of the common bundle, pre- 
sumably within the A-V node. 

It is pointed out that the retrograde P waves, in cases of reciprocal rhythm 
due to re-entry of retrograde impulses, merely indicate the presence of retrograde 
conduction, without in themselves constituting an essential part of the mechanism 
underlying reciprocal rhythm. 

The various possibilities of interference, in the authors ’ case, between the sinus 
impulse and retrograde impulses causing reciprocal rhythm, are evaluated and 
instances of each cited. 
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The authors’ case indicates that instances of fixed coupling of premature ven- 
tricular beats, even in the absence of P waves, indicative of retrograde conduc- 
tion, may be examples of re-entry. 

Authors. 

Lawrence, J. S., and Porbes, G. W.: Paroxysmal Heart Block and Ventricular 
Standstill. Brit. Heart .T. 6: 53, 3044. 

A case is described showing periods of intermittent heart block arid, occasion- 
ally, a phasic ventricular standstill. Conduction was normal in the intervening 
stages. 

Eighteen reported cases of this type are reviewed. 

It is suggested that arterial spasm or partial arterial occlusion is the main 
factor in the majority of these cases. 

It was found possible to control the attacks by inhalations of amyl nitrite. 

A unions. 

Duras, P. F.: Heart Block With Aneurysm of the Aortic Sinus. Brit. Heart .1. 
6: 01, HI44. 

A case is reported with ari aneurysm of a sinus of Valsalva and complete heart 
block. The possible causes of the block are discussed, and the conclusion is drawn 
that the block was due to pressure of the aneurysm on the conducting path. 

Author. 


Miller, E. A.: Auriculo-Ventricular Ehythm. Brit. Heart J. G: 107, 

r lhis paper is based on observations on thirteen cases of aurieuloventrieulnr 
rhythm, the salient features of which have been correlated with appropriate facts 
recorded by others. The outstanding features fall under four headings, as follows: 

Physical exercise may now be added to the factors that precipitate A-V rhythm. 
Atropine can produce the rhythm disorder when a tachycardia is present, or when 
the heart rate is increasing. From these observations, it was decided that atropine 
acted simultaneously and unequally upon the sinoaurieular node and the auricuio- 
ventricular node in order to produce A-V rhythm. 

As a rule, the onet of A-V rliytlim cannot be detected by the patient or the 
physician. .Sometimes, however, the patient may complain of giddiness, weakness, 
or palpitation, and the doctor may note an abrupt, fall in the pulse rate. An ex- 
planation for tlie.se symptoms and signs has been given. 

( • hould A-\ rhythm be complicated by ventricular bigemin y, it is generally 
.ram- 1 tory, but it may be intermittent for months, the onset of bigeminy being 
partially determined by the length of the Q-P interval, and by the site of origin 
biterv-1 ( ntr ' 1 ' U * !ir cofJ traction. It should be noted, however, that the critical Q-P 
r , *.1 "Y v, 'hich ventricular bigeminy ceases to appear, varies with the rate 
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lerpretei 

- , ‘"k'n the etiology of A-V rhvthm is obscure. Six such cases have 

te-en reviewed. Ore ,, , , 

dv- function »- -■ . - ' 1 ' 'Hie to organic dbei.'se ;in d the others to vagal 

of one year, 
abnormal 
active 1 


! f ^ rrn "f was no deterioration in health over a period 

(i , 4 U ^ l ‘ * lf '-i-order persisted f<,r thi 1 -' period. In those people with 

lif ffl', ,0ri 7 r* 1, ‘ V factor, it i- prol/ablv pn-dhle to lead an 

hfe for twenty-five years with intermittent A-V rhythm. ' ' ; 

AUTHOR. 
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Holford, J. M.: Unusual Electrocardiogram in Dextrocardia. Brit. Heart J. 6: 

105, 3944. 

Tlie case here described was found in the course of a mass radiographic survey. 

Radiography showed a heart in the position of complete dextrocardia, but 
otherwise of normal contour. The lung fields were clear. The left dome of the 
diaphragm was raised. The liver and stomach were not transposed. 

In Lead I, P is upright, the QRS complex shows a downward deflection followed 
by an upward one of approximately equal magnitude, and T is shallow and 
diphasic. All the remaining leads appear normal. 

Author. 


Saphir, O., Wile, S. A., and Reingold, I. M.: Myocarditis in Children. Am. J. 
Dis. Child. 67: 294, 1944. 


In 1,420 autopsies on children between the ages of 8 days and 16 years, ninety- 
seven instances of myocarditis were observed, an incidence of 6.83 per cent. This 
disease was encountered 150 times in 3,712 autopsies performed on adults during 
the same period, an incidence of 4.05 per cent. These figures represent myo- 
carditis seen in a general pediatric hospital. Types of myocarditis occurring during 
the course of contagious diseases are not included; references to these, however, 
are made in the discussion. 

Among the 97 cases of myocarditis, there was 1 in which the condition was 
diagnosed as postdiphtheritie inflammation of the myocardium. Myocarditis was 
associated with meningitis in 4 cases, with poliomyelitis in 7, with broncho- 
pneumonia in 12, until lobar pneumonia in 3, and with nephritis in 3. Abscesses 
in the myocardium, associated with various infectious diseases and various portals 
of entry, were present in 16 instances. Myocarditis associated with bacterial 
endocarditis was present 5 times; myocarditis associated with subacute bacterial 
endocarditis 7 times. There were 13 instances of a "rheumatic type" of myo- 
carditis. Rheumatic myocarditis was present 19 times, isolated myocarditis 3 
times, and myocarditis in tuberculosis 4 times. 

Fetal myocarditis, with the exception of myocarditis in congenital syphilis, if 
it occurs at all is extremely rare. The essential myocardial lesion in diphtheria 
is parenchymatous hyaline degeneration or necrosis. Later there occurs a repara- 
tive inflammatory process. It is questionable whether the latter should be con- 
sidered true myocarditis. Myocarditis in measles is rarely encountered; nor does 
myocarditis occur frequently in mumps, whooping cough, smallpox, or varicella. 
It seems that inflammatory myocardial damage occurs much more often in scarlet 
fever than has been heretofore believed. Perhaps a parallel statement would be 
true for a number of other contagious diseases if further studies were made of 
the myocardium in such conditions. Myocarditis is also observed in epidemic 
meningitis and poliomyelitis. In the latter disease it seems to occur more' fre- 
quently than is generally accepted. In bronchopneumonia and lobar pneumonia 
it is occasionally encountered. In pyemia, abscesses of the myocardium occur 
relatively frequently , however, a cursory" examination of the myocardium often 
fails to disclose small abscesses. 


Isolated my ocarditis occasionally r occurs in children who have no other disease 
that may be considered as the source of the myocarditis. Occasionally this form 
of myocarditis has been found associated with exanthematous diseases. It may 
cause sudden death in children who had been apparently healthy and in whom 
progressive myocardial weakness developed, more or less quickly. Anatomically 
it does not vary m histologic details from myocarditis in acute infectious diseases. 

m yocarditis m bacterial, and subacute bacterial endocarditis is often encoun- 
tered, and rarely diagnosed, clinically-. In rheumatic endocarditis and the ‘ f rlieu- 
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matic type” of endocarditis, myocarditis occurs frequently. This is the only type 
of myocarditis recognized and diagnosed clinically with any degree of frequency. 

Miliary tubercles are found only occasionally in cardiac muscle. There is a 
type of myocarditis which occurs in tuberculosis without the formation of Un- 
typical granulation tissue. It is evident that this nonspecific myocarditis can- 
not be called tuberculosis. In the older literature, miliary gummas and gummatous 
myocarditis are reported to occur in infants with congenital syphilis. At present 
they seem to be encountered rarely. 

Myocardial damage in uremia is rare, and may be explained by an extension 
of uremic pericarditis into the adjacent myocardium. Whatever may have caused 
the nephritis may cause the myocarditis. Myocarditis in trichinosis, blastomyco- 
sis and virus, rickettsial, and various other diseases is also mentioned. 

Clinically, myocarditis may be suspected if, during the course of an infectious- 
disease, a child suddenly becomes worse and begins to fail without apparent 
cause. Tachycardia out of proportion to the temperature, particularly if accom- 
panied by cyanosis, is an early sign that may direct attention to the myocardium. 
Cardiac enlargement is frequently present, and the blood pressure is usually low. 
The electrocardiogram sometimes reveals significant changes. 

In ninety-seven instances of myocarditis evidence of heart failure was noted 
thirty-two times. In the vast majoritj- of these cases a diagnosis of rheumatic 
heart disease was made. Sudden death of patients with myocarditis was not un- 
usual; nine out of sixty children died suddenly. 

From our study it is evident that myocardial damage in children may and 
does occur in diseases other than rheumatic fever and diphtheria. The incidence 
of myocarditis in our series (G.S3 per cent) indicates clearly that the possible 
occurrence of myocarditis during the course of an infectious disease must be 
borne in mind. The possibility of myocarditis having once been considered, fur- 
ther investigation may reveal additional confirmatory evidence. Perhaps the 
relatively high incidence of the clinical diagnosis of myocarditis for patients with 
rheumatic heart disease can be explained by the fact that it is generally accepted 
that myocarditis often occurs in patients with rheumatic heart disease. 

The incidence of myocarditis as determined by routine examination of the 
heart is seemingly low. However, we suspect, especially from our experience with 
myocarditis in poliomyelitis, that myocarditis in general would be found fre- 
quently and would no longer be regarded as a rare condition if the myocardium 
were carefully examined histologically for the purpose of ruling out, or substan- 
tiating the presence of, inflammatory disease. 

At.TJfoas. 


Krost, G. N.: Ebeumatic Pericarditis With Effusion in Patients Under Two 
Years of Age. .r. Pediat. 24: 514, 1044. 

Iericarditis with effusion in two patients below the age of 2 years is reported 
ns being of rheumatic etiology. 

Avnror:. 


Hench, P. s., and Eosenherg, E. P * 
73: 2f*8, l!i44. 


Palindromic Rheumatism. Arch, Tut. Med. 


an unusual, oft recurring disease r,{ joints arid adjacent 
”, ? , 01lr , *>f win'd) have been studied in the arthritic service of 

1^-'- Its outstanding features are multiple afebrile attacks 
f ,. ° ort inns and p<-riarthriti«, and sometimes also of para-arthritis, with 

5 am. ■ •* rei nes-, and disability generally of only one, but sometimes of 

* , irUi °!T Mr “.’ * " r ^ tr b'*- joint, in an adult of either sex. The attacks appear 
n i ..m i eir,p rapidly. I tier generally Ja°t only a few hoars or days and 
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then disappear completely, but they recur .repeatedly at short or long, irregularly 
spaced intervals. • Despite the frequent recurrences and the transitory presence (in 
some eases at least) of an acute or subacute inflammatory polymorphonuclear exu- 
date in the articular tissues and cavity, little or no constitutional reaction or 
abnormality is revealed by laboratory tests, and no significant functional, patho- 
logic or roentgenographie residues occur even after years of disease and scores of 
attacks. 

Since the most obvious and characteristic features of the condition described 
are its frequent recurrences, its attacks and retreats, the term "palindromic” 
seems fitting and descriptive, and is proposed by the authors for this specific 
condition. 

Six typical cases are described in detail. There is a full discussion of the 
symptoms, signs, and laboratory findings. 

Authors. 

MacKeith, R.: Adrenal-Sympathetic Syndrome. Brit. Heart J. 6: 1, 1944. 

Two cases of adrenal-sympathetic syndrome due to pheocliromocytoma (chromaf- 
fin tissue tumor hi the adrenal medulla) are described. 

The first is unusual in that, though the patient had minor attacks almost daily 
for four years, there was only one major attack, which led to a diagnosis and 
operation, with cessation of the attacks. 

The syndrome of chromaffin tissue tumors is reviewed. It. is noted that, while 
many cases show widespread symptoms, others show only local symptoms, though 
the vasoconstriction is generalized. Paroxysmal hypertension is the one sign 
common to all attacks. The treatment is removal of the tumor. 

Author. 

Hiller, G. A., and Johnson, R. M.: Abdominal Aortic Aneurysm. Rupture Into 

the Jejunum Preceded by Occult Blood in the Stool. Am. J. M. Sc. 207: 600, 

1944. 

A case of arteriosclerotic aneurysm of the abdominal aorta with rupture and 
perforation into the jejunum is reported. 

Aneurysm of the abdominal aorta with pressure on the small bowel is a rare 
cause of blood in the stool. 

Authors. 

Naide, M., and Saijen, A.: A Test for Vascular Tone in Human Beings and Its 

Application to the Study of Vascular Diseases With Special Reference to the 

Etiology and Prevention of Thrombophlebitis. Am. J. M. Sc. 207: 606, 1944. 

A clinical method for the determination of "vascular tone” in humans is 
described. 

Results of vascular tone typing, carried out on 172 individuals, have revealed 
the wide range of vascular tone in normal persons and patients, and its significant 
role in the etiology and course of certain vascular diseases and in the selection of 
appropriate therapy. 

The importance of vasospasm in initiating thrombophlebitis or phlebothrombo- 
sis has been disclosed bj r the test. 

This test can indicate whether vasoconstriction and vasodilatation in different 
individuals are taking place in large or small vessels. 

The relation of vascular tone to basal metabolic rate, blood volume blood 
pressure, cardiac rate, heat elimination, emotional stimuli, and size of the punil 
have been studied and discussed. 1 1 

Authors. 
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Master, A. M., Uuzie, S., Brown, B. C., and Parker, E. C., Jr.: The Electro- 
cardiogram and the “Two-Step” Exercise. A Test of Cardiac Function and 

Coronary Insufficiency. Am. J. if. Sc. 207: 435, 1044. 

An experience gained over many yeur.i lias proved the practical value of the 
“electrocardiogram following the two-step exercise” in three ways: First, the 
blood pressure and pulse response indicate circulatory fitness by a standardized 
measurement of vasomotor response. Second, the ECG, changes are an indication 
of the oxygen supply of the heart muscle itself. Third, the control ECG reveals 
the presence of arrythmias and is an indication of the condition of the myocardium 
with the patient at rest. 

The test is of importance in differentaiting functional from organic heart dis- 
ease, particularly when physical examination, roentgen-ray film, fluoroscopy, and 
ECG are negative. 

Positive changes in the ECG after the “two-step” exercise indicate anoxemia of 
the heart muscle or coronary insufficiency. Both this test and the 10 per cent 
oxygen anoxemia test were performed on every person considered in this report. 
The ECG changes corresponded almost exactly in both tests. 

The exercise must be standardized for age and weight since changes occur in 
normal people if the effort is excessive. Tables giving the number of trips to be 
performed by normals have been published. In normal persons, the blood pressure 
and pulse return to within 10 points of resting levels in one and one-half minutes. 
The following changes in the “electrocardiogram after the two-step” are considered 
abnormal: A depression of the It ST segment of more than 0.5 mm. in any lead, 
a change from an upright T wave to an isoelectric (fiat) or inverted T wave or 
T-wave changes in the opposite direction. 

In patients with coronary heart disease the test is of particular value in detect- 
ing coronary insufficiency when it is latent. 

In valvular heart disease, the test discloses the state of cardiac function, and 
whether the cardiac output is adequate for the coronary arteries. 

In patients with hypertension, the control ECG often shows evidence of coronary 
insufficiency and, therefore, may not change after exercise. There is a lag in return 
of the blood pressure and pulse following the ‘‘two-step” exercise in effort syn- 
drome (neurocirculatorv asthenia), an/1 the ECG gives evidence of anoxemia of the 
heart muscle following exercise. In this syndrome we believe there is a congenitally 
small, hypoplastic heart which is inadequate on effort. 

In chest deformities and in congenital heart disease the “electrocardiogram after 
the two-step Js valuable. 

An upper respiratory infection, lung disease, gastroenteritis, fatigue and lack 
of sleep may produce abnormal results. 

I lie “electrocardiogram after the two- step” is a short, harmless and practical 
test. It j,*. suggested that it should be a routine procedure in men over 40 years 
of age in the military service, and also for eliminating the unfit for special services 
" lore unusual physical and mental strain arc experienced, as in aviation, sub- 
marine, raider forces, and so on. 

ACTllOliS- 


1.?. Due, J. S.. The Hole of Congestive Heart Failure in the Production of the 
Edema of Acute Glomerulonephritis. Ann. Int. Med. 20 : 4 05, 1944. 

. b m.i of t i.e patient--- with acute glomerulonephritis was found to be 
jct.tt Ait i *i^}n heart failure, a 4 '’ irifHestterL in every iuntnnce, bv nu e\ evuU'd 
verm,,...- pressure -,nd cardiac dilatation. 

Jr. p.ttbnts, most of the symptoms of congestive heart failure were p res- 

! ' n ‘ ’ u> ! !r<c P-A’eats, the presence of peripheral edema was the only symptom 
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suggesting heart- failure. More careful study of these three patients disclosed 
cardiac dilatation and elevated venous pressure. 

The importance of hypertension in the pathogenesis of and relief of the con- 
gestive heart failure which frequently complicates acute glomerulonephritis has 
heen emphasized. The earliest objective evidence of improvement of the heart 
failure in seven of eight patients not given digitalis was a fall in blood pressure; 
the return to normal of the venous pressure, and the disappearance of edema 
occurred slightly later. 

There was a significant decrease in the diastolic heart volume of these patients 
after compensation had been established. This decrease was even greater two to 
four weeks after congestive failure had disappeared. The circulation time was 
normal or low in eleven of twelve patients studied, despite an elevation of the 
venous pressure. The pulmonic second heart sound was accentuated in eleven of 
twelve patients, suggesting the possibility of pulmonary hypertension. 

Author. . 

Altschule, M. D., and Zamcheck, N.: The Effects of Pleural Effusion on Respira- 
tion and Circulation in Man. J. Clin. Investigation 23: 325, 1944. 

The etfects of pleural effusion have been estimated in eight patients by com- 
parison of measurements of the lung volume and the respiratory and cardiovas- 
cular dynamics before and after thoracentesis. 

Atelectasis, decreased expansibility of the lungs, decreased negativity of intra- 
pleural pressure, and shallow respiration are consequences of pleural effusion; 
anoxia may occur. 

Increased peripheral venous pressure, a manifestation of impaired venous 
return consequent to changes in intrapleural pressure, is caused by pleural effusion. 
There are no changes in cardiac output or circulation time, at least at rest, as a 
consequence of pleural fluid. 

It is concluded that pleural effusion impairs respiration and circulation in many 
ways, thereby favoring the occurrence of dyspnea and orthopnea; these symptoms 
null be most severe in patients who have extensive, diffuse disease of the lungs in 
addition to the effusion. 

Authors. 

Ryder, H. W., Molle, W. E., and Ferris, E. B., Jr.: The Influence of the Col- 
lapsibility of Veins on Venous Pressure, Including a New Procedure for Measur- 
ing Tissue Pressure. J. Clin. Investigation 23: 333, 1944. 

When arm veins are distended, the venous pressure measures central influences, 
and is independent of the local pressure around the veins. 

When arm veins are collapsed, the venous pressure measures the tissue pressure 
that has collapsed them, and is independent of central influences. 

The measurement of local venous pressure in freely collapsed veins offers a 
means of measuring tissue pressure under conditions of equilibrium. 

Authors. 

Schott, A.: Circulatory Failure Due to Vitamin B Deficiency. Brit Heart J 
6: 27, 3944. 

Three cases of circulatory disturbances due to vitamin B deficiency are de- 
scribed with special reference to some unusual clinical and electrocardiographic 
features. Two of the three patients took an excessive amount of alcohol ° in the 
third case the condition was caused by deficient diet only. All responded to treat- 
ment with vitamin B . 


Author. 
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Holman, E.: . Further Observations on Surgery of the Large Arteries. ,Surg., 

Gvnec. & Obst. 78: 275 , 1044. 

The author describes the surgical principles and technique involved in surgery 
of the large arteries. He also summarizes and discusses these principles. 

While the discussion is largely one of surgical technique, it should be of inter 
est to cardiologists as well, who must both make the diagnosis of cases suitable 
for such operations, as well as follow them afterward. 


Homans, J.: Deep Quiet Venous Thrombosis in the Lower Limh, Surg., Gy nee. 

& Obst. 79: 70, 1044. 

Thrombosis: of a quiet type (phlebofhrombosis), commencing in the deep veins 
below the knee, is the source of most nonobstructive processes threatening pul- 
monary embolism as well as most obstructive inflammatory ones responsible for 
painful swelling of the whole lower limb (thrombophlebitis). 

Thrombophlebitis of the fully obstructive type presents no satisfactory indica- 
tion for operations, but rather for release of the associated vasoconstriction by 
lumbar sympathetic block. 

-It is desirable, and usually possible, to distinguish an early stage of quiet, deep, 
venous thrombosis, when the process is still confined to the lower leg or has given 
rise to an unattached propagating thrombus in the popliteal and femoral veins, 
threatening pulmonary embolism. The signs of such a state are discussed and 
the clear indication for femoral interruption, to forestall or stop embolism and 
prevent the development of phlegmasia alba dolens, is pointed out. 

An advanced stage of quiet, deep, venous thrombosis, more or less adherent 
but not obstructive, can also be distinguished. Its signs are discussed. Thrombo- 
sis will often have propagated above the inguinal ligament into the external and, 
occasionally, especially on the left, the common iliac vein. With such a process, 
thrombosis of the deep veins among the muscles of the thigh (profunda f cm oris 
system) is usually associated. Thrombosis in these deep veins may even bo 
present when no thrombus is found on exploration of the superficial femoral vein 
below the profunda. 

The advantages of interruption of the common iliac vein, for all such advanced, 
quiet, venous thromboses, are discussed, and the operative procedure, for both the 
right and left limbs, is described. 

Some observations upon interruption of the vena cava are made. 

Author. 


Suarez, J. E. E., Taquini, A, C., and Fasdolo, J. C.: Action of Atropine on the 
Minute Volume of the Heart. Rev. argent, de cardiol. 10: 201, 1042. 

Hie subcutaneous administration of I mg. atropine increased cardiac minute 
umr in hx of the eight, subject? Ptudie'I, Pulrrionary ventilation and oxyjren 
m. umpiion increased slightly in the majority of cases. In every instance, the 
if art r.itf increased j n greater proportion than the minute volume. 

As .. result of the changes in minute volume, pulmonary ventilation, oxygen 
m. umption, and heart rate, the following changes occurred in the majority' of 
( r< ,i. < of the arteriovenous difference, of the <"0- of expired air, of the 
, ir.it >ry quotiem, and of the cardiac output, and increase of the ventilation 
equivalents for 0 : and GO., 

ih cirfui.iton change* produced hv atropine cannot )»• explained solely' by 
the increase of heart rate and oxygen eoir-umption. 

Arriions. 



Book Review 


Hipertension Arterial Neerogexa : By Eduardo Braun-Mcnendez, Juan Carlos 

Fasciolo, Luis F. Leloir, Juan M. Munoz, and Alberto C. Taquini, Libreria v 

Editorial “El Ateneo,” Buenos Aires, 1943, 462 pages, 93 figures. 

This book is the result of the cooperative effort of a research team at the 
Institute of Physiology of Buenos Aires. In the preface, Professor B. A. Houssay* 
states that these men are his. former co-workers, and a good part of the work 
recorded in this book was done under his direction. A glance through the index 
reveals the wide scope of the book and the emphasis placed on experimental work. 
Clinical and therapeutic problems, however, are not overlooked. 

The first chapter reviews different experimental methods of producing perma- 
nent hypertension. The second deals with a functional and pathologic study of 
the hypertensive animal. Next comes a discussion of neurogenic and humoral 
factors in the production of hypertension, with a study of the pressor substance 
excreted by the ischemic kidney. 

The fourth chapter describes renin, its general properties and method of prep- 
aration, and the type of reaction between it and components of the blood. Methods 
of assa}', specificity, and different actions of renin are further described. 

A brief paragraph deals with the origin, properties, preparation, and actions 
of hypertensinogen (prehypertensin, renin activator). The following chapter is 
devoted to hypertensin (angiotonin). Methods of preparation and assay, and 
pharmacologic action on vessels, heart, kidney, respiratory center, metabolism, and 
smooth muscle are described; clinical effects are also reported. Angiotonin is 
described as a “pressor and vasoconstrictor substance due to interaction of renin 
and renin activator. It is probably a low molecular weight polypeptide. It is a 
dializable, thermostable, acid stable, alkali labile substance, soluble in water, 
insoluble in most organic solvents, easily destroyed by proteolytic enzymes.” 
“Its action is of the musculotropic type, being unaffected by either cocaine, ergota- 
mine, or Fourneau, being increased by veritol and tyramine. ” 

Ghapter 7 deals with hyper tensinase (angiotonin inhibitor), and Chapter S with 
the formation, secretion, and destruction of renin in the body. The protective 
action of a normal kidney, the' influence of endocrine glands and of pregnane}', 
and different vasoconstrictor substances are further studied. 

The following six chapters deal with human hypertension. Chapter 16 dis- 
cusses the medical treatment of nephrogenic hypertension, and Chapter 17, the sur- 
gical treatment. The last chapter compares experimental and human hypertension. 

An interesting appendix on methods and technique closes the book. The bib- 
liography comprises more than 1,100 references. 

This important monograph contains the latest contributions to the subject of ex- 
perimental hypertension, and reviews the subject from a well-balanced and objective 
point of view. It will be essential for experimental workers, and may prove better 
than many books on the clinical aspects of hypertension. 

Aldo Luisada. 
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THE Q, DEFLECTION OF THE ELECTROCARDIOGRAM IN 
BUNDLE BRANCH BLOCK AND AXIS DEVIATION 


William A. Sodeman,* M.D., Franklin D. Johnston, M.D., 
and Frank N. Wilson, M.D. 

Ann Arbor, Mich. 


I T IS the purpose of this article to present and discuss observations 
on the incidence, in standard Lead I, of QRS complexes which dis- 
play an initial downward deflection, or Q wave. 

At the beginning of this study, we examined the tracings taken in 
169 cases of bundle branch block. In all of these, the QRS interval 
measured 0.12 second, or more, and pronounced slurring or notching 
of the broadest QRS component was present. In 92 cases, there was 
no S wave in Lead I; these were classified as left branch block. The 
remaining 77 cases, in which there was a conspicuous S deflection in 
Lead I, were considered characteristic of right branch block. In 84, 
or 91.3 per cent, of the cases of left branch block, the first and only 
QRS component in Lead I was a broad R wave: in the remaining 8 
cases (8.7 per cent), a small initial downstroke preceded this deflection 
(Table I). In the same group of cases, there were 33, or 35.9 per cent, 
in which the QRS complex of Lead III began with a downstroke, and 
these included one of the 8 which displayed a Q wave in Lead I. 
A Qi deflection was present in 34, or 44.2 per cent, and absent in 43, 
or 55.9 per cent, of the cases of right branch block. The QRS complex 
of Lead III began with a downstroke in 36.4 per cent of the cases of 
this group. 


These observations on the incidence of Q x in bundle branch block 
were confirmed by examination of the tracings obtained in a group of 
cases of bundle branch block in which the conduction defect was pres- 
en ^ 011 orie examination, but absent on an earlier or later occasion. 
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Table I 


The Frequency of Q, and 0, in the Blectroca i: work a m k ok 109 Patients With 

Bundle Branch Block 



LEFT 

BUNDLE BRANCH BLOCK 

RIGHT 

| BUNDLE BRANCH BLOCK 

NUMBER OF 
PATIENTS 

rnncnxTAoj: 

NUMBER OF 
PATIENTS 

PERCENTAGE 

O, present 

s 


34 

44.2 

Q, absent 

84 


43 

55.9 

Q, present 

33 


28 

30.4 

Q. absent 

58 

04.1 

4!) 

03.0 

Q, and Q s present 

1 

1.1 

11 

14.3 

Q, and Q , absent 

52 

5(5.5 

20 

33.8 

Total 

92 


77 



Table If 


The Effect of Development of Bundle Branch Block on the Q Wave in Lead I 
jn 102 Patients Showing, at One Time, Bundle Branch Block, 
and, at Another, Normal Conduction 



LEFT BUNDLE BRANCH BLOCK 

RIGHT BUNDLE BRANCH BLOCK 


NUMBER 
OE PA- 
TIENTS 

PERCENTAGE 

NUMBER 
OF PA- 
TIENTS 

PERCENTAGE 

Q, present. 

ijK&WI 

25.3 

8 

34.8 

Normal conduction 





Q, absent. 


74,7 

15 

(55.2 

Normal conduction 

ffl M 




Q, present. 


5.1 

S 

34.8 

Bundle branch block 

■iik'.vi’l 




Q, absent. 


94.9 

15 

05.2 

Bundle branch block 





Qi absent, with and 

57 

72.1 

14 

00.9 

without block 





Q, disappeared, with 
block 

18 

22.8 (of total) 

90.0 (of those 
with Q,) 

1 

4.3 (of total) 

12.5 (of those 
with Q,) 

Qi appeared, with 
block 

2 

2.5 (of total) 

3.4 (of those 
without Q,/ 

1 

4.3 (of total) 

0.0 (of those 
without Q,) 

Qi with and without 
block 

2 

2.5 (of total ) 

10.0 (of those 
with Q ,) 

7 

30.4 (of total ) 

87.5 ( of those 

with Qi) 

Total 

79 


23 



In onr own files, we found 0 eases of this kind in which the block was 
on the left side, and 10 eases in which it was on the right side. By 
.searching 1 lie literature, we collected 70 additional cases of the first 
sort and ]:} of the second.’''' We did not include in this series any 
cases of the W olff-Parkinson- White syndrome, nor any eases in which 
the Qli-S interval measured less than 0.12 second when the block was 
piesent. or more than 0.10 when if was absent. The incidence of Q, 
and other data relating to the 70 eases of left and 23 eases of right 
brand! block assembled in this way are given in Table II. In 20 of 
tin- 70 eases of the first group, the QHS complex of Lead I began with 
a ‘ nsf i ohc v, hen intraventricular conduction was normal, and in all 
but two of these it began with an upstroke when left branch block was 
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Table HI 


Incidence of Q, in Patients With Left Bundle Branch Block,- Right Bundle 
Branch Block, Left Axis Deviation, and Eight Axis Deviation 



LEFT BUNDLE 

RIGHT BUNDLE 

LEFT 

AXIS | 

RIGHT AXIS 


BRANCH BLOCK 

1 BRANCH BLOCK 

DEVIATION 

DEVIATION 


NUMBER 

PER- 

NUMBER 

PER- 

NUMBER 

PER- 

NUMBER 

PER- 


OF PA- 

CENT- 

OF PA- 

CENT- 

OF PA- 

CENT- 

OF PA- 

CENT- 


TIENTS 

AGE 

TIENTS 

AGE 

TIENTS 

AGE 

TIENTS 

AGE 

Q, present 

13 

7.3 

41 

41 

175 

58.3 1 

6 

6 

Qi absent 

161 

92.7 

59 

59 

125 

41.7 

94 

94 

Total 

177 


100 


300 


100 



Table IV 


Q, Relationships in Patients With Left Bundle Branch Block and Left Axis 

Deviation (Consecutive Cases) 


TYPE OF ELECTROCARDIOGRAM 

Q, PRESENT 

Q, ABSENT 

TOTAL 

Left axis deviation 

Index 24 or less 

51 

49 

.100 

Index 25 or more 

G2 

38 

100 

Normal T waves 

69 

31 

100 

Inverted T, or T, and T. 

55 

45 


Questionable left bundle branch 

46 (42.6%) . 

62 (57.4%) 

10S 

block (QRS = 0.10 to 0.12) 

Left bundle branch block 

S ( 8.7%) 

84 (91.3%) 

92 


present. In the other 59 cases, the QRS complex of Lead I began with 
an upstroke when intraventricular conduction was normal; in 2 of 
these it displayed a Q wave when the left limb of the His bundle was 
blocked. As in the eases of left bundle branch block previously 
analyzed, tlie incidence of a Q, deflection was very low ; it occurred in 
the presence of block in only 4 cases, or 5.1 per cent of the group. 
There was a Q x deflection with normal intraventricular conduction in 
8 of the 23 cases of the second group, which is rather small for sta- 
tistical purposes; in 7 of these, this deflection was likewise present- 
when the right bundle branch failed to conduct. In the remaining 15 
cases, Q x was absent with normal intraventricular conduction; in one 
of these, this deflection appeared when the right branch of the bundle 
was blocked. 

The foregoing observations led us to compare the incidence of Q x in 
simple axis deviation with its incidence in bundle branch block. The 
ventricular complexes which depict simple left axis deviation and 
those which represent left branch block are often very similar in gen- 
eral contour, but our observations indicate that the electrocardio- 
graphic changes in these two conditions are fundamentally different in 
oiigin (table III). With regard to the incidence of Q 1} left branch 
block is very different from simple left axis deviation (Table III). 
Ihc lelath ely great frequency of a conspicuous Q x in simple left axis 
deviation, as compared to left, branch block, is not materially affected 
by the criteria employed in the selection of examples of the former 
(Table IV). A Q, deflection was present in 51 of 100 cases of simple 
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Tabu: V 


Q-WaVE RELATIONSHIPS IX J’ATIE NTS WITH RIGHT HUXBL K BRANCH BLOCK AND 

Right Axis Deviation 


TV BE OF ELECTRO- 
CARDIOGRAM 

Q, PRESENT 

I Qz PRESENT j 

0, AXI> | 

Q, PRESENT i 


0 0 i 


NUM- 

BER 

PER- 

CENT- 

AGE 

1 XUM- 
| BEB 

PER- 

CEXT- 

AGE 

NUM- 

BER 

PER- i 
VENT- 
AGE 

NUM- 
BER 1 

PER- 

CENT- 

AGE 


Right axis j 

deviation 

M 


81 

81.0 

2 

2.0 

15 ! 

15.0 

1 100 

1 

Right bundle 
branch block 

□ 


2S 

j 

HI 

n 

11.3 

2 Cy j 

33.8 

/ i 


left axis deviation in which the axis deviation index (-R, .S 3 ) ~ (ft,, - 

Sj), was 24 or less, and in 02 of .100 cases of left axis deviation in 
which this index exceeded 24. This deflection was present in 09 of a 
series of 100 consecutive eases of simple left axis deviation with normal 
T waves, and in 55 of 100 consecutive cases of the same kind in which 
the T waves were inverted in Lead 7 or in Leads 1 and 71. 7t is of 
particular interest that Q, was present in 42.6 per cent of a series of 
1.08 cases, all that could he found in a file of 8,000 electrocardiograms, 
in which definite left axis deviation was associated with a QRS interval 
of 0.10 to 0.12 second. With respect, to the incidence of this deflection, 
electrocardiograms of this kind resemble those which depict simple left 
axis deviation, and are quite unlike those which represent left bundle 
branch block. 

In simple right axis deviation, the frequency of Q, is very small, 
about the same as in left branch block, whereas, in right branch block, 
the frequency of this deflection is not very different from its frequency 
in left axis deviation ( Tables I and V). The incidence of Q a is very 
high in right axis deviation and relatively low in right bundle branch 
block. 

DISCUSSION 


The incidence of Q, in bundle branch block has received little atten- 
tion in the literature. Many years ago. Will ins 55 recorded the size of 
the different QRS components in 99 examples of left branch block. 
His tables slunv that Q, was present in only two of his cases, hut he 
did not comment upon this infrequency. Jn 7916, Lewis 57 was wider 
the impression that Q, was usually present in bundle branch block 
of the common type; ju 1924 he spoke of it as appearing to a variable 
extent.''" J n 1931. Wilson. Maeleod. and Barker™ stated that, in left 
branch block. Q i.s almost always present in Lead I and absent in Lead 
fli. 1 hi: s statement was evidently based upon an impression, rather 
than upon the examination of « n adequate series of cases. 

Mill) regard to the frequency of a Q, deflection, the curves that 
represent canine branch block arc quite different from those that rep- 
1 1 sen? human branch block, fu f; of Lewis’ experiments on dogs, Q, 
became larger; in two. it disappeared; and, in one. it persisted tin- 
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changed when the left bundle branch was cut. In the remainder, it, 
was absent both before. and after section of this tract. A Q, deflection 
was present in four and absent in two of six examples of canine left 
branch block studied by Wilson and Herrmann . 60 

The rarity of Q x in human left branch block and the pronounced 
tendency for this deflection to disappear when left branch block de- 
velops clearly indicate that, in the vast majority of human electro- 
cardiograms, it represents electrical forces originating in left ventricu- 
lar muscle, or at least in muscle which receives the excitatory impulse 
by way of the left Purkinje plexus. The relatively high frequency of 
Q x in right branch block, and the tendency for this deflection to per- 
sist when normal conduction gives place to this disturbance, point in 
the same direction. Lewis, believing that the incidence of Q x was high 
in bundle branch block of the common type and, at the same time, 
that this kind of block was due to a conduction defect in the right 
bundle branch, arrived at the correct conclusion — that, this deflection 
was contributed to the human bicardiogram by the levoeardiogram. 
This is an instance in which the conclusion was valid even though the 
premises were erroneous. 

Although it is clear that Qj usually represents electrical forces pro- 
duced by the activation of left ventricular muscle, direct eAddenee as 
to the exact manner of its origin is not available. In experiments on 
dogs, endocardial readings have been employed in an attempt to locate 
the regions of ventricular muscle which are first to pass into the actrce 
state, but the data obtained in this Avay are of comparatively little 
value for the purpose of ascertaining the origin of the earliest QRS 
component of the human electrocardiogram. In the first place, the 
incidence of Q, is by no means the same in canine as in human cuiwes, 
and, in the second, endocardial readings are not entirely trustworthy, 
as Wilson, Macleod, and Barker have pointed out. Even if the A r en- 
tricular point Avhich is activated earliest Avere knoAvn, Ave could not 
feel certain that Q x is Avritten by events occurring in its neighborhood, 
for the electrical forces deA r eloped in this region may be overbalanced 
by the more rapid development of opposing forces someAvhere else be- 
fore they become large enough to produce a potential difference be- 
tAveen the distant electrodes on the tAvo arms. 

The activation of left ventricular muscle may give rise to a Q x de- 
flection by producing initial positivity of the right, arm, initial nega- 
tivity of the left, arm, or both. In normal subjects, initial negativity 
of the anterolateral surface of the left Aumtricle often produces a Q 
deflection in leads from the left side of the precordium, and is fre- 
quently transmitted to the left arm as Avell. This negativity is trans- 
mitted to the epieardial surface from the ventricular cavity Avhen 
the subendocardial muscle of the anterolateral Avail enters the active 
state later, or produces electrical forces of less magnitude than the 
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.subendocardial muscle on the opposite side of the left ventricle. It 
may, therefore, he ascribed to unbalanced forces produced by the 
spread of the excitatory impulse into the septum from the left Purkinje 
plexus. These same forces and, also, those generated by activation of 
the free wall of the right, ventricle from within outward produce initial 
positivity of the epieardial surface on the right side of the heart, which 
gives rise to small R waves in leads from the right side of the pre- 
cordinm and is sometimes transmitted to the right arm. The absence 
of Q, in the vast majority of the eases of human left branch block 
appeal's, therefore, to be due to the absence of electrical forces normally 
produced by the activation of septal muscle from left to right. 

AVliat is the significance of Q, in the small percentage of cases of 
human left branch block in which it occurs? In left branch block, no 
left ventricular muscle is undergoing activation at the beginning of 
the QIIS interval, and, if a Q deflection is present, it must be ascribed 
to forces of right ventricular origin. Under certain circumstances the 
initial positivity of the surface of the right ventricle due to the out- 
ward spread of the impulse through its tree wall, which usually gives 
rise to small R waves in leads from the right side of the precordium 
in left branch block, may be transmitted to the right arm and thus 
give rise to a Q, deflection. It is apparent that this often happens in 
'the dog and seldom happens in man. In the former, the long axis of 
the heart is much more nearly in line with the long axis of the body, 
and this may account for the difference in the frequency of Q, between 
canine and human left branch block. Rotation and elevation of the 
heart after section of the left bundle branch have caused a Q t deflec- 
tion to appear in experiments on the dog, but not in experiments on 
the monkey, an animal in which the heart, with regard to its position, 
is more like that of man . 01 Xo peculiarities in the position of the heart 
were noted in the thirteen cases of left branch Monk in our series in 
which a O, deflection was present. Both in the dog and in man, the 
presence of a Q, deflection, when the left branch of the Hi s bundle is 
blocked, may, of course, depend upon some factor other than the posi- 
tion of the heart. A possibility that must be considered is that it is 
due to some peculiarity of the Purkinje system or the architecture of 
the subdivisions of the bundle branches, and consequently of the order 
of ventricular activation. In two instances, it was noted that a Qi 
deflection was present both before and after the development of. left 
branch block, and had the same contour in both tracings. There ex- 
ists, then, the possibility that in some instances the distribution of the 
conducting tracts is such as to lead to more rapid or earlier activation 
of those parts of the right ventricular muscle which produce forces of 
the kind that give rise to a Q, deflection, and that under these circum- 
stances this deflection occurs and displays the same form in both bi- 
cardiogram .and dextrocardiogram. This would account for the rare 
eases in which Q, disappears when right branch block develops. 
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In order to ascertain whether the presence of a Q x deflection in left 
bundle branch block has any diagnostic significance, we reviewed the 
histories of the thirteen patients in our own series and twenty-four 
cases found in the literature which presented this combination: An 


autopsy was performed in only two of our own cases. One of these 
was that of a man, aged 51 years, and in this instance the right coro- 
nary artery was occluded and the posterior ventricular wall was in- 
farcted; the ventricular septum was not involved. In the second case, 
that of a man aged 56 years, there were pronounced cardiac hyper- 
trophy, moderate coronary sclerosis, and slight fibrosis and patchy 
fatty degenerative infiltration of the myocardium. No macroscopic, 
circumscribed, septal lesions were found. In the remaining eleven 
cases, the following clinical diagnoses were made: arteriosclerotic 
heart disease with questionable coronary occlusion in two; coronary 
occlusion in five, in one of which left branch block antedated the symp- 
toms pointing to infarction; arteriosclerotic heart disease with conges- 
tive failure in two ; and rheumatic heart disease with mitral stenosis 
and aortic insufficiency in two. 

The data relating to the conditions present in the twenty-four cases 
found in the literature are meager. 8, 22, 2r>> 32 * 3C> 41> r ' 4 ' 5G ’ G7> G2 ' 70 In eight 
instances, no details of any kind were given as to the nature of the 
cardiac lesions. One patient had arteriosclerotic heart disease, cardiac 
enlargement, aortic insufficiency, and congestive failure. This patient 
died, but was not autopsied. Another had pericarditis with effusion 
and recovered; a third was said to have myocardial degeneration; a 
fourth, auricular fibrillation with congestive failure; a fifth, mitral 
stenosis; a sixth, aortic insufficiency; a seventh, diphtheria ; an eighth, 
arteriosclerotic heart disease with failure. The ninth and tenth were 
reported as cases of coronary thrombosis in which the clinical diagnosis 
Avas confirmed by electrocardiographic examination ; both of these pa- 
tients recovered. 


The remaining six patients died and were subjected to autopsy. The 
ventricular septum was involved in all. In one instance, there was 
occlusion of the anterior descending coronaiy artery, with infarction 
involving the anterior and part of the posterior Avail of the left ven- 
tricle, the septum, and the apex. The interventricular septum Avas 
almost completely infareted and in a state of liquefaction necrosis . 54 
In another case there Avas thrombosis of an artery supplying the septum, 
Avith myocardial infarction and serofibrinous pericarditis . 66 In a third 
there Avas anterior infarction involving the septum . 32 The fourth was 
one Avith multiple infarcts; the loAver, anterior part of the interven- 
tricular septum Avas involved . 70 In the fifth, described in the same 
report ' 0 as the fourth, a diagnosis of hypertensive heart disease Avith 
congestive failure Avas made, and moderate sclerosis of the coronary 
arteries Avas found post mortem. Histologic studies disclosed small 
scars in the myocardium, including a feAV in the septum, but the bulk 
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of the heart muscle appeared to he in good condition. In the sixth, 
and last ease, 03 the QRS interval measured only 0.107 second, but the 
precordial electrocardiogram indicated that activation of the left ven- 
tricle was delayed. At autopsy there was no cardiac hypertrophy; 
a healed infarct was found. Tt involved the entire apex, the apical 
four-fifths of the anterior and lateral walls of the left ventricle, and 
apical four-fifths of the anterior two-thirds of the interventricular 
septum. 

From these few data, no very definite conclusions can he drawn. 
The heart was examined post mortem in only eight of the thirty-seven 
cases of left branch block with a Q, deflection which we were able to 
collect. It may he significant that, in six of these, myocardial infarc- 
tion had occurred, and that, in five of the six and in one additional 
case, septal lesions were present. On the other hand, the cardiac ab- 
normalities diagnosed clinically in many of the remaining twenty-nine 
cases in which there was no autopsy are not of a kind in which septal 
involvement would he expected. Even when bundle branch block is found 
after the occurrence of symptoms and physical signs characteristic of 
coronary thrombosis, one cannot fed certain that a large amount of 
the ordinary muscle of the ventricular septum has been infarcted. We 
know, however, that, in dogs, ligation of the septal artery, a large 
vessel not present in man, produces infarction of the basal part of the 
ventricular septum and often induces right bundle branch block or 
complete atrioventricular block/ 1 'Whether it ever induces left 
branch block alone is not certain. Right branch block produced in this 
way is sometimes, although not always, represented by ventricular 
complexes quite different in form from those obtained after section ot 
the right branch of the His bundle. 

On theoretical grounds, one might expect that, in left branch block, 
damage to the ventricular septum would lead to the appearance of a 
Q deflection in Lead I. In uncomplicated left branch block, the cavity 
of the right ventricle is negative throughout the QRS interval, but the 
cavity of the left is initially positive because of the direction of the 
electrical forces produced by activation of the septal muscle from right 
to left. This initial positivity is transmitted through the still inactive 
free wall of the left ventricle to the outer surface of this chamber and 
to the adjacent parts of the body, including the left side of the pre- 
eordium, the left axilla, and, when the heart is in a relatively hori- 
zontal position, as in most patients with left branch block, to the left 
arm. Under these circumstances, the QRS complex of leads from the 
left side of the preeordium display no Q deflection, and those of. Lead 
I are of the same form. When the septum is extensively damaged, the 
electrical forces produced by its activation arc reduced or abolished, 
and the initial negativity of the ri<rht ventricular cavity is transmitted 
to the left, and. consequently, to those regions on the left side of the 
body that are initially positive in left branch block when the septal 
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muscle is healthy. When this happens, Q deflections occur in leads 
from the left side of the precordium. They may be expected in Lead I 
also,. although, in one case of this sort on record, large Q waves were 
present in leads from the left, side of the precordium, but not in Lead I.' 2 

From the data available, we cannot be sure that the mechanism in 
question gave rise to the Q x deflection in the cases of left branch block 
with septal lesions under consideration. In 2 of these, this deflection 
appeared after symptoms characteristic of coronary thrombosis had 
occurred, which suggests that infarction of the septum produced it. 
In another case, however, the Q t deflection antedated the coronary ac- 
cident. The final decision as to whether there is a pronounced positive 
correlation between the presence of a Qi deflection in left branch block 
and septal involvement must wait until more extensive studies have 
been carried out. In the meantime, it is desirable that a full set of 
precordial leads be taken whenever a deflection is encountered in 
tracings otherwise characteristic of left branch block, not only for the 
purpose of ascertaining whether left branch block is really present, 
but also to find out whether a Q deflection is present in leads from the 
left side of the precordium and left axilla. 

It must be remembered that bundle branch block in man is almost 
always complicated by other cardiac abnormalities. The form of the 
electrocardiogram is determined not only by the failure of one bundle 
branch to conduct, but by extensive lesions of the ordinary ventricular 
muscle, as in infarction, and by involvement of other conducting tracts 
or the Purldnje network. Wilson and Herrmann 00 severed minor and 
major subdivisions of the left bundle branch in their experiments on 
dogs. In one instance, a cut on the left side of the septum, after the 
right branch of the His bundle had been divided, led to the appearance 
of a prominent Qx deflection. The possibility that the presence of Q, 
in left branch block is sometimes due to a combination of conduction 
defects must, therefore, be borne in mind. 

The similarity in general contour between the ventricular electro- 
cardiograms obtained in preponderant hypertrophy of the left ventricle 
and those characteristic of bundle branch block of the more common 
type has attracted attention for a great many years. Lewis, believing 
that the right branch of the His bundle was the one affected in bundle 
branch block of this type, brought forward a considerable body of 
evidence in support of the view that the ventricular complex was 
dominated by the levocardiogram in both conditions. Now that the 
block is known to be on the left side instead of the right, this view 
is no longer tenable. 

The similarity in question involves the position of the mean electri- 
cal axis, the direction of rotation of the instantaneous electrical axis, 
the direction and sequence in time of the major QKS deflections of the 
different limb leads, and the form of the T waves, which are almost 
always inverted in Lead T in left bundle branch block and are verv 
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often inverted in this lead in left ventricular hypertrophy. In many 
instances of great hypertrophy of the left ventricle, the QRS interval 
is increased to between 0J0 and 0.12 second, and, under such circum- 
stances, it may be difficult to ascertain whether the electrocardiographic 
abnormalities are due to left ventricular hypertrophy alone or to in- 
complete left branch block. 

Luton and Grove 35 and Hyman and Parsonnet 25 championed the view 
that pronounced left axis deviation with inversion of the T deflections 
in Lead I and upright T waves in Lead III is due to incomplete branch 
block, even when the QRS interval is not distinctly increased. Luten 
and Grove stressed the point that this conception was the only one that 
satisfactorily explained both the axis deviation and the form of the 
T waves. The anatomic arguments which they advanced to support it 
are no longer valid because they were based on the erroneous ideas 
concerning the diagnosis of right and left, branch block which were 
current at the time their paper Avas written. In 1920, Fain' 7 ’ put for- 
ward the hypothesis that the form of the ventricular complex in pre- 
ponderant enlargement of; the left ventricle is due to an increase in 
the length of the subdivisions of the left branch of the His bundle, and 
a consequent delay in the activation of the muscle of the left ventricle 
as compared to that of the right. At the same time he asserted that 
the classical views as to the location of the conduction defect in the 
Iavo varieties of bundle branch block were erroneous, and that what 
had been considered right was really left branch block, and vice versa, 
Fahr’s contention is clearly in accord Avith the observations of Luten 
and Grove and Hymen and Parsonnet, and supports the view that left 
axis deviation accompanied by inversion of the T waves in Lead I is 
the first stage, so to speak, in the development of left branch block; it 
also offers an alternative explanation of the tendency toward an in- 
crease in the QRS interval in left ventricular hypertrophy, attributed 
by Lewis to the increased thickness of the left ventricular wall. 

The views regarding the cause of left axis deviation and inversion 
of the T deflections in Lead I in preponderant enlargement of the left 
ventricle held by Fahr are nearly, although not exactly, equivalent 
to the idea that these electrocardiographic changes are the result of 
incomplete left bundle branch block. Now, it is obvious that the initial 
QRS components in incomplete left branch block must be identical in 
jorm with those present in complete left branch block. In both cases 
these components represent the earliest phases of the dextrocardio- 
gram, and there can be no reason why this should begin Avith a doAvn- 
ward deflection in the one ease and not in the other. It is for this 
reason that we ha\'e compared the incidence of Q, in axis deviation 
with its incidence in bundle branch block (Table IV). As we have 
already pointed out, this deflection is present in about one-half the 
eases of left axis deviation, and its frequency is nearly the same, re- 
gardless of whether we confine our attention to cases in which the 
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axis deviation index is very large or to cases in which it is only mod- 
erately increased, to cases in which the T waves are normal or to those 
in which the T waves are inverted in Lead I, or to cases in which the 
QRS interval lies within the accepted normal range or to those in 
which it measures between 0.10 and 0.12 second. On the other hand. 
Q x occurs in less than one-tenth of the cases of left bundle branch 
block. Contrary to what would be expected if left axis deviation were 
due to slow conduction of the cardiac impulse through the left limb 
of the His bundle, there is no tendency for the incidence of Q a to fall 
as the axis deviation index rises, or as the QRS interval lengthens. In 
order to obtain additional data bearing upon this problem, Ave reviewed 
all of the electrocardiograms taken in this laboratory over a period of 
three years with reference to the number of cases of left axis deviation 
in which Q, was the largest Q wave present in any of the limb leads; 
this information had been routinely coded. There were 1,199 eases of 
left axis deviation, and Q was largest in Lead I in 566, or 47.2 per 
cent of the total ; Q was also largest in Lead I in 39 per cent of the 588 
classified as showing slight left axis deviation, 54 per cent of the 611 
classified as showing pronounced left axis deviation, and 40.4 per cent 
of 304 eases in which the T waves were inverted in Lead I. and no 
digitalis had been given.. In a review of curves of this last type, it 
was often noted, when a series of curves had been taken, that inversion 
of the T waves developed with the passage of time without any accom- 
panying change in the contour of the QRS complex. These data show 
clearly that there is no justification for considering incomplete left- 
branch block the sole, or even a common, cause of left axis deviation 
alone, or of left axis deviation associated with inversion of the T deflec- 
tions in Lead I. For, if it were, we should certainly expect the inci- 
dence of Qx in left axis deviation to approach its incidence in complete 
left branch block as the form of the ventricular complex became more 
abnormal with respect to the value of the axis deviation index, the form 
of the T waves, or the length of the QRS interval. 

We do not, of course, deny that left axis deviation, whether or not 
it is accompanied by inversion of T in Lead I, by an increase in the 
QRS interval, or by both, is sometimes due to incomplete left bundle 
branch block. When a Q deflection is present in Lead I, however, 
this is very unlikely, because the incidence of this deflection cannot be 
greater in incomplete than in complete left bundle branch block. When 
Qi is absent, the estimation of the probability that incomplete left 
branch block is or is not present is much more difficult. The proba- 
bility that it is present is no doubt greater when the QRS interval 
measures between 0.10 and 0.12 second than when it is shorter. Since 
the incidence of Q 1 reached 42.6 per cent in the group of 108 cases of 
left axis deviation in which the QRS interval was more than 0.10 and 
less than 0.12 second in length and was no greater in those in which 
T x was inverted than in those in which it was upright, it seems prob- 
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able, however, that only a small percentage of the curves of this kind 
in which Q t is absent represent a conduction defect in the left limb of 
the His bundle. 

In Lead III, the QRS complex begins with a downward deflection (Q 
or QS) in about one-third of the cases of left bundle branch block, and 
in approximately the same percentage of the eases of right branch 
block. In left branch block this deflection is not followed by a positive 
component, and should, therefore, be called QS instead of Q. its pres- 
ence may be due either to initial positivity of the left arm, to initial 
negativity of the left leg, or to both. The former is exceedingly com- 
mon in left branch block because the initial positivity of the cavity of 
the left ventricle due to the spread of the cardiac impulse through the 
septal muscle from right to left is usually transmitted to the left arm. 
Were it not for the circumstance that the left leg is also initially posi- 
tive in the majority of cases, because the initial positivity of the right 
ventricular surface due to the spread of the impulse through the free 
wall of the right ventricle is transmitted to it, a QS deflection would 
occur in Lead III almost as frequently as Q is absent in Lead J, and 
for the same reason. Tn a considerable percentage of the cases of left 
bundle branch block, the surface of the right ventricle is initially nega- 
tive, as is shown by the absence of an R deflection in leads from the 
right side of the preeordium, and in many of these this initial nega- 
tivity is, no doubt, transmitted to the left leg and contributes to the 
frequency of a QS deflection in Lead HI. It should be pointed out 
that these relations hold when the heart is in a relatively horizontal 
position. When the heart is relatively vertical, the potential of the 
left leg is like that at the left, instead of like that at the right, ven- 
tricular surface. In the dog, the Jong axis of the heart is nearly in line 
with the long axis of the trunk, and Q, or QS, deflections are very rare 
in Lead III in canine left branch block. In canine right branch block, 
on the other hand, Q, is present more often than absent. 

In the kind of branch block curves that closely resemble those ob- 
tained in preponderant hypertrophy of the right, ventnclc with regard 
to the direction and relative size of the ventricular deflections of the 
standard limb leads, a Q, component very rarely occurs. Curves oi- 
this kind, which were at one time considered characteristic of Jeff 
branch block, are very uncommon. In the great majority of the eases 
in which they occur, the preeordial electrocardiogram is in every way 
typical of right branch block; in some instances, however, it indicates 
that the conduction defect is on the left side. Of the seventy-seven 
eases classified as right branch block in Table I, there were only seven 
in which the electrocardiograms were of this kind. In the other 
seventy eases, the QRS complex of Lead J displayed a narrow R wave 
which often attained a voltage equal to. or greater than, that of the 
broad, notched, or slurred S wave which followed it. The high inci- 
dence of Q, in right branch block is mainly due to the frequency of 
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this deflection in electrocardiograms of tills type. When the heart is 
in a relatively horizontal position, as is usually the case when the pa- 
tient has left axis deviation or bundle branch block, Q x is almost al- 
ways of left ventricular origin, and its presence or absence is deter- 
mined by the character of the potential variations at the surface of the 
left ventricle at the beginning of the QRS interval. In left branch 
block, it is rare because the potential of the left ventricular surface, 
and consequently of the left arm, is initially positive. In left axis 
deviation, it is present when these regions are initially negative and 
absent when they are initially positive. Since right bundle branch 
block does not materially affect the potential at the surface of the left 
ventricle early in the QRS interval, Qi persists, unchanged in form, 
or remains absent, as the ease may be, when right branch block de- 
velops (Table II). 

The rarity of Q a in right axis deviation cannot be explained in an 
entirely satisfactory manner at the present time. In normal persons 
who display this electrocardiographic peculiarity, the heart is usually 
in a vertical position. For this reason, initial negativity of the left 
ventricular surface is transmitted to the left leg, and produces Q de- 
flections in Leads II and III instead of in Lead I. The potential of the 
left arm resembles that of the right ventricular surface, which is 
initially positive. In right ventricular hypertrophy the situation is 
different ; the enlarged heart is ordinarily transversely placed. Usually, 
unlike right bundle branch block, right ventricular hypertrophy has a 
profound effect upon the potential at the surface of the left ventricle at 
the very beginning of the QRS interval. This condition is represented 
in the precordial electrocardiogram by tall R waves, often preceded by 
Q waves in leads from the right side of the precordium and by small 
R waves, followed by deep S waves, in leads from the left side of the 
precordium . 74 In right ventricular hypertrophy, therefore, Q deflections 
are of right ventricular origin, and depend upon the occurrence of initial 
negativity at the surface of the right ventricle. Since this initial nega- 
tivity, when it occurs, is transmitted to the left leg and not to the left 
arm, which undergoes potential variations like those at the left ventricu- 
lar surface, Q deflections, when present, appear in Leads II and III and 
not in Lead I. The data available at the present time afford no satis- 
factory explanation of the tendency for right ventricular hypertrophy 
to abolish initial negativity at the left ventricular surface or to induce 
initial negativity at the right ventricular surface. The solution of this 
problem must, therefore, be left to the future. 

SUMMARY 

An initial downward, or Q, deflection in Lead I is very uncommon in 
human left branch block. When this component occurs in an electro- 
cardiogram otherwise characteristic of this conduction defect, a lesion 
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of the ordinary mu. sole of the ventricular .septum .should he suspected, 
and a full set of preeordial leads should be taken. 

A Q deflection in Lead I occurs in about one-half of all cases of left 
axis deviation, regardless of the criteria employed in selecting examples 
of this electrocardiographic abnormality. Left axis deviation accom- 
panied by inversion of the T waves in Lead I may sometimes be due to 
incomplete left bundle branch block when Q, is absent, but it is almost 
never due to this cause when this deflection is present. 

The incidence of Q, in right branch block is similar to its incidence 
in left axis deviation. In right axis deviation, this deflection is extremely 
rare. 
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AURICULAR INFARCTION 


E. W. .Young, M.D., and A. Koenig, B.S., M.D. 

Pittsburgh, Pa. 

A URICULAR infarction, as a distinct entity, is rarely reported, and 
the possibility or probability of such an occurrence is hardly even 
mentioned in textbooks on heart disease. Most discussions of myocardial 
infarction describe an anterior and posterior type, and dismiss other 
involvement with the statement that infarction after occlusion of the 
smaller branches of the coronary arteries is unusual because of the 
collateral blood supply. 

In 1938, Bean 1 reported a series of 287 cases of myocardial infarction, 
including two definite auricular infarcts and one case of syphilitic in- 
farction of the left ventricle in which there was a small scar in the 
auricular appendage. At that time, lie stated: “It is -improbable that 
the rarity of reported cases of infarct of the auricle is a true indication 
of its incidence.” Also in 1938, Feil, Cushing, and Hardesty 2 reported 
two instances of auricular infarction in thirty-four eases of myocardial 
infarction. Langendorf, 3 in 1939, reported a case of infarction of the 
right auricle, with electrocardiographic changes on the day previous to 
death which were attributed to the lesion. A comparatively larger 
number of cases of rupture of the heart have been reported, with not 
infrequent involvement of the auricle, chiefly the right. Infarction of 
the auricle is regarded as a common cause of rupture. Recently (1942), 
Cushing, Feil, Stanton, and Wartman, 4 of Western Reserve University, 
reported 182 cases of myocardial infarction, including thirty-one, or 17 
per cent, in which the auricle was involved. This is the highest incidence 
reported. However, in only six of these was the auricle alone involved, 
without infarction of the ventricle. 

Most experimental evidence and some of the clinical reports suggest 
that certain electrocardiographic changes may be indicative of the oc- 
currence of auricular infarction, although these are not constant. Dis- 
turbances of the auricular mechanism, such as auricular fibrillation, 
auricular premature beats, auricular flutter, and wandering pacemaker, 
are considered by some to be the most reliable evidence. Other reports 
describe an elevation of the P-Ta segment in Lead I with involvement of 
the left auricle, and similar changes in the P-Ta segments of Leads II 
and III with lesions of the right auricle. The P waves may be broadened, 
inverted, diminished or increased in amplitude, slurred, or notched. 

Abramson, Fenicliel, and Shookhoff 3 were able to produce constant 
changes in the electrocardiograms of dogs and. cats by cauterization of 
the auricles. When the anterior or posterior surface of the right auricle 
was injured, the P-Ta segment of Lead I showed a depression, where- 
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as similar damage to the left auricle resulted in an elevation of this 
segment. The P-Ta segments of Leads II and III were depressed with 
cauterization of either right or left auricle, and therefore did not aid 
in localizing the lesion; Of their observations, these investigators said: 
“The constancy with which P-Ta segment changes in the dog and cat 
followed the production of auricular damage leads one to believe t hat 
possibly close examination of the comparable portion of the human elec- 
trocardiogram might be of value in those instances in which the rare 
clinical condition of auricular infarction with rupture is suspected. ” 

Although auricular infarction wilt) rupture may be rare, auricular 
infarction 'without rupture is apparently a more common occurrence 
than was formerly supposed, and it is not unreasonable to expect that 
similar electrocardiographic changes might occur with infarction which 
did not result in rupture. The observation has been made that these 
changes may be obscured in some instances by the beginning of ven- 
tricular activity (QRS). 

Depression or elevation of the P-Ta segments may occur in normal 
electrocardiograms. However, in a series of 200 normal electrocardio- 
grams 0 in which depression of this segment occurred in Lead I in 55 per 
cent, it did not exceed 0.8 mm. in any ease. Only two records showed 
an elevation of P-Ta, and in neither of these was it more than 0.4 nun. 
In another series of 100 normals, 7 elevation of the P-Ta segment was 
found only twelve times in Lead III and not at all in Leads I or II. 
Depression was more common; it occurred fourteen times in Lead I, 
fiftv-four times in Lead II, and twenty-one times in Lead III. The 
maximum deviation in either direction was 0.5 mm. It seems highly 
probable, therefore, that any electrocardiogram in which - the P-Ta seg- 
ment is depressed (deviates from the normal level) move than 0.8 mm. or 
elevated more than 0.5 mm. may be considered strongly suggestive of 
auricular damage, particularly if the changes occur in Lead I. 

Because of the dearth of reports of auricular infarction, and also be- 
cause of the lack of definite diagnostic clinical signs, it was thought oi 
value to report the following eases.® Three of these patients had true 
auricular infarcts, and the fourth was thought to have auricular infarc- 
tion because of suggestive electrocardiographic changes, and is included 
tor that reason. 

REPORT OF CASES 

The first case was that of a man, 36 years of age, who complained oi 
several attacks of substernal pain (under the lower half of the sternum), 
radiating outward and downward and into both arms below the elbows. 
Physical examination was entirely negative on two occasions, and an at- 
tempt to reproduce the pain by extreme exertion was unsuccessful. An 
electrocardiogram, taken four months after the first attack, did not show 
any suggestive variations from the normal. Five days after the electro- 
cardiogram was taken, the patient apparently had an attack of severe 
pain, associated wilh vomiting, and died in about thirty minutes. 
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Autopsv revealed a dark-red, sharply circumscribed, hemorrhagic lesion 
of the wall of the right auricle (Fig. 1) . This area was roughly circular, 
and measured approximately 1 cm. in diameter. Incision into this area 
showed that it was a true infarct; the wall at this point was a very 
dark red as a result of intramural hemorrhage. This lesion was located 
at, or very near, the auricula ventricular node, just below the. opening of 
the inferior vena cava and to the right of the opening of the coronary 
sinus. There were no old scars or other lesions. The coronary arteries 
and their branches showed irregularly distributed sclerosis, and, in some 
places, were quite hard and almost occluded. This was especially 
marked in the main vessels. 



Fig. 1. 


The second case was that of a woman, 58 years old, who was admitted 
to the hospital with a history of sudden onset of severe dyspnea, with lit- 
tle or no pain. Signs of circulatory failure were evident in the poor qual- 
ity of the heart sounds, rapid pulse rate, marked cyanosis, moist rales at 
the bases of both lungs, and slight peripheral edema. The diagnosis on 
admission was coronary occlusion. An electrocardiogram (Fig. 2), taken 
the following day, showed inversion of the P waves in Leads II and III, 
depression of the P-Ta segments in Lead I, and elevation of the corre- 
sponding portions in Leads II and III. There was a peculiar, dome-shaped 
appearance of the P-Q segments in Lead III which might be considered 
the equivalent of the HS.-T changes which are characteristic of ventricu- 
lar lesions. Because of these changes, involvement of the auricle, pre- 
sumably the right, by infarction was suggested. The patient died 
forty-four hours after admission, and autopsy revealed dilatation of the 
right auricle and a rim of dark discoloration along the A-V junction, ex- 
tending into the auricular appendage (Fig. 3). On cut section the wall 
here was infiltrated with blood. There was moderate atheroma of the 
aorta and coronary vessels, but no occlusion of the large branches. The 
auricular lesion was reported as due to occlusion of a small vessel in the 
infarcted area. The right ventricle, left auricle, and left ventricle 
showed no areas of infarction. 

In February, 1943, a woman, 26 years of age, was admitted to the 
hospital with a provisional diagnosis of congestive failure probably due 
to rheumatic heart disease, although definite evidence of a valvular lesion 



290 


AMERICAN HEART 


JOURNAI. 


was not present. Profuse sweating-, marked pallor, and moderate 
dyspnea were present. Examination of the heart showed that it was 
enlarged to the left; the heart action was irregular, and apparently there 
were long periods of coupling. The sounds were accentuated at the apex, 
and, at times, a low, rumbling sound suggestive of a murmur was heard 



y it;- 2.— text. 

just at the beginning of diastole. A teleorocntgenogram showed extreme 
enlargement of the heart with contours suggestive of mitral stenosis. An 
electrocardiogram (Fig. 4), taken the day after admission, revealed what 
was apparently 2:1 A-\ heart block; alternate P waves were fused with 
T waves. The P waves were slightly notched in Lead I and peaked in 
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Leads II and III. Because of large, broad complexes in the usual posi- 
tion of the T waves, it was difficult to ascertain exact deviations from 
the base line. The P-Ta segments of Leads II and III seemed to be 
slightly depressed. No adequate explanation could be offered for the 
unusual changes, but the possibility of coronary thrombosis with un- 
usual effects on the myocardium and conductive mechanism was sug- 
gested. Three days after admission, the patient died, and examination 
of the heart post mortem showed an infarct, about 2 by 3 cm., in the 
wall of the right auricular appendage. The right auricle was markedly 
dilated. A large ulceration was found on the interventricular septum 
below the tricuspid valve, extending through the wall into an aneurysmal 
sac. Section through the auricular area showed a true infarct. The 
final diagnosis was acute ulcerative endocarditis and infarction of the 
right auricular appendage. 



Fig. 3. 


A white man, 59 years of age, was admitted to the hospital April 5, 
1943, with the complaint of severe pain in the jaw, neck, chest, and 
abdomen which began suddenly while doing light work. The pain was 
constant, not relieved by rest, and there bad been no previous attacks. 
Physical examination revealed slight pallor, a cold, clammy skin, 
dyspnea, and moderate cyanosis. There was a systolic murmur at the 
apex, and also a sound which was interpreted as a pericardial friction 
rub. The heart rate was 72 per minute, and the blood pressure, 178/110. 
A tentative diagnosis of coronary occlusion was made, and electro- 
cardiograms (Fig. 5) seemed to confirm this diagnosis. Changes con- 
sidered suggestive of auricular damage were present, as shown by the 
broadened, dome-shaped P waves in Lead I, notched, W-type P waves in 
Leads II and III, and the depressed P-Ta segments of Lead III. These 
abnormalities were fairly constant in all the tracings taken, but there 
were some variations, suggesting repair of the lesion, eight’ days after 
the .onset. Because of the failure of the blood pressure to fall after the 
initial attack, and also because the pain, as described, was not tvpically 
that of coronary occlusion, the diagnosis was considered as only tentative. 
The pam continued in moderate severity until April 24, when death 
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occurred suddenly. On post-moil cm examination of the chest, the left 
pleural space was found to lie filled with blood and clots, compressing 
the left lung upward so that it occupied only one-fifth of its usual space. 
The pericardium was adherent to the lateral chest wall, but the cavity 
was dry when opened. The heart, aorta, and mediastinal structures were 
removed en masse, and the source of the bleeding was found to be rup- 
ture of a false aneurysmal sac at the level of the fifth thoracic vertebra. 
At the level of the origin of the left subclavian artery, there was a tear 
in the aorta at a thinned-out area, at which point the surrounding con- 
nective tissue was thickened and adherent. Distally along the course of 
the aortic arch and the beginning of the descending aorta, thickened 
mediastinal pleura formed a false aneurysm which was partially filled 
with thrombus, the rupture of which had produced the fatal hemorrhage. 
Sclerotic patches were present on the intima, and interstitial hemor- 
rhage extended proximally along the arch and involved, ike auricles, 
particularly the right. The left ventricle was thickened and somewhat 
dilated. The auricles were dilated. There were small calcified areas 
on the valve cusps, and an old, healed vegetation was seen on one cusp 
of the mitral valve. The coronary openings were patent, and the 
coronary arteries were sclerotic and tortuous, but no evidence of myo- 
cardial infarction was seen. No auricular infarct was found in this 
case; however, the hemorrhage into the auricles may have produced 
sufficient damage to cause the changes noted in the P-Ta segments of 
this patient’s tracings. 


SUMMARY 

Three cases of distinct auricular infarction, without ventricular in- 
volvement, are presented. A fourth case in which the electrocardiograms 
showed changes apparently typical of auricular damage proved to be 
one of ruptured, false aneurysm, with hemorrhagic infiltration of the 
auricles. 

The first case was interesting because of the unfortunate location of 
the small infarct; it might have been less serious if it had been located in 
the ventricle. 

In three of the four cases there were deviations of the P-Ta segments 
conforming to that described as typical of auricular damage. In one 
there was also an apparent disturbance of the A-V conduction pathway; 
this was most likely due to the ulceration through the interventricular 
wall. 

All of the infarcts were located in the right auricle. 


REFERENCES 

1. Bean, W. B.: Infarction of the Heart, Ann. Jrit. Med. 12: 71, 1038. 

2. Fell, H., Cushing, E. H., and Hardesty, .1. T.: Accuracy in Diagnosis and Lo- 

eaJization of -Myocardial Infarction, Am. Heart J. 15: 721, 1938. 

3. Langendorf, R.: The Electrocardiogram of Auricular Infarction, Acta roecl. 

Scandinav. 100: 130, 1939. 

4. Cushing, E. H., Feil, H., Stanton, E. J., and Wartrnan, IV. B,: Infarction of 

the Cardiac Auricles, Brit. Heart J. 4: 37, 1942. 

5. Abramson, D. I., Feniehel, N. ML, and Shookhoff, Chas. : A Study of Electrical 

Activity in the Auricles, Am. Heart J. 15: 473, 3938. 

0. Shipley, B. A., and Halloran, W. R. ; The Four Lead Electrocardiogram in 
Two Hundred Normal Men and Women, Am. Heart J. 11: 325, 1935. 

7. Larsen, EL, and Skulason, T.: The Normal Electrocardiogram, Am. Heart J. 
22; 025, 1941. 


THE EFFECT OF CHRONIC LEAD POISONING ON ARTERIAL 
BLOOD PRESSURE IN RATS 

J. Q. Griffith, Jr.,* M.D.', and M. A. Lindauer, M.D. 
Philadelphia, Pa. 

R ECENTLY, Fonts and Page 1 reported their inability to produce 
arterial hypertension in one dog which was chronically poisoned 
with lead over a period of three years. A second dog, poisoned for a 
much shorter time, likewise failed to develop hypertension. They state 
that “the belief that chronic lead poisoning leads to arterial hypertension 
extends deep into the annals of clinical medicine, but the evidence on 
which it is based is unconvincing,” and conclude from their negative 
results that “the problem in human beings needs reinvestigation.” 

■ Although conclusions from studies on animals cannot always be carried 
over to man, it would certainly seem that lead would be an unlikely 
cause of hypertension in man if it could. not produce hypertension in an 
animal, especially in an animal which is known to be capable of develop- 
ing hypertension from some other cause. Therefore, it seemed well to 
repeat the study with a different species of animal. 

METHOD 

Healthy albino rats, weighing 150 to 200 grams, were used. Fifteen 
were successfully carried through the experimental procedure. Lead 
acetate was given in a dose of 90 mg. daily, omitting every seventh day 
throughout the experimental period. This corresponds to about 70 mg. 
of lead, as such, per day, and was given dissolved in 2 c.c. of water by 
stomach tube. 

The blood pressure was measured by the indirect method described 
by Griffith, 2 and, in two animals, direct!} 7 by inserting a needle into the 
abdominal aorta. This needle was connected by a rubber tube, filled 
with saline, to a mercury manometer, the inertia of which was so great 
that there was no visible pulsation in the mercury column. Under such 
circumstances, the pressure measured is mean pressure, in contrast with 
the indirect method, which is thought to measure systolic pressure. 
Hereafter, the term “blood pressure,” when unqualified, will indicate 
blood pressure measured by the indirect method. 

In ten of the fifteen animals,- the blood pressure was measured before 
beginning the administration of lead, and found to be normal. In the 
remaining five animals, the blood pressure ivas first measured ten days 
after beginning the administration of lead, and found to be normal at 
that time. It was therefore assumed that it had been normal initially. 
Thereafter, the blood pressure was measured every fifteen to twenty 
days, depending upon convenience. More frequent’ readings were con- 
sidered impractical because each necessitated induction of surgical anes- 
thesia with ether. The blood pressure was measured four times in four 
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animals, Ihrec times in seven animals, and twice in three animals. All 
animals charted survived at least until the thirtieth day, after which, 
some were sacrificed for acute experiments and some died; four animals 
survived until the experiment was terminated on the eightieth day. 
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DAYS AFTER BEGINNING LEAD POISONING 

^ ^ .“liowinj; the effect of chronic lead j>o!f<onIjiK on thr; syntollc Wood 

pro-sure of fifteen rat.«. 


RESECTS 


dhe results are shown in Fig. 1, in which only the indirect measure- 
ments are charted. The horizontal line at 150 mm. represents the upper 
limit, of normal by this method. Jt is apparent that all animals that 
sm \ h ed forty d<iys wore by port on.sivo. 
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The mean blood pressure, measured directly by a needle in the aorta, 
normally does not exceed 90 mm. of mercury. In two hypertensive ani- 
mals in which the blood pressure was measured by both methods, the 
results were as follows : 

Rat 1. — Indirect (systolic) blood pressure, 180 mm. of mercury; direct 
(mean) blood pressure, 119 mm. of mercury. 

Rat 2. — Indirect (systolic) blood pressure, 160 mm. of mercury ; direct 
(mean) blood pressure, 122 mm. of mercury. 

‘ CONCLUSION 

Chronic lead poisoning can produce arterial hypertension in rats. 
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AN ELECTRO CAE DIO GRAPHIC AND CLINICAL STUDY OF 
YAEIOUS SO-CALLED CARDIAC DRUGS 


R. 3L Tandowskv, 3LD., Norma Anhebsox, M.D.. axd 
J. K. Yaxdevkxteb, 3LD. 

Los Asgeles, Oxtaf. 


F OE years, many pure glycosides have been in common use in the 
treatment of congestive heart failure. Many of these have been 
given parent era I iy in the hope of facilitating rapid digitalis action. 5 
Until recently, there has been little in the literature to prove 
that they act rapidly, and their use in the past has been based 
entirely on the claims of their various manufacturers. In a previous 
communication, one of us 2 observed the rapid effect of one of these 
glycosides on the electrocardiograms of two normal control subjects at 
ten-minute intervals for a period of tv„*o hours or more, and subsequently 
noted the effect of this glycoside at frequent intervals in many eases of 
congestive heart failure. The electrocardiographic changes appeared 
to follow a characteristic form in all subjects under observation. This 
led us to believe that some electrocardiographic change might typify 
each of the various glycosides, and that these changes might he- charac- 
teristic of specific drag action on the- myocardium. Since this initial 
observation, we have noted varying electrocardiographic changes after 
the use of rnanv glycosides, and we believe that this warrants further 
study. 


The effects of various digitalis bodies on the electrocardiogram of 
man and animal have been recorded frequently. 4 * 45 Most of these 
studies were mainly concerned with general changes in the polarity of 
the T wave. No attempt was made to evaluate the changes in the ES-T 
segment and T wave quantitatively and individually for each prepa- 
ration used. Other studies failed to record characteristic digitalis 
effect because of failure to evaluate the action of the drug in the 
various electrocardiographic leads. 3Ie3IiIIan and Belief 5 called at- 
tention to ’various changes in the S-T segment and other electrocardio- 
graphic components after the administration of digitalis which they 
tclt were quite characteristic. Our observations lead us to believe that, 
L Rll or the above factors be taken into consideration, the eleetrocar dio- 
graprue criteria of a digital is effect are quite dependable. Furtber- 
more, we have been led to believe that many digitalis glycosides* vary 
m tneir effect on the electrocardiogram. 

Changes m the E-vT segment, and T waves are not entirely limited 
to the action or digitalis. It is generally accepted that many physio- 
logic a nd pathologic changes in the myocardium alter these constitu- 
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ents. Coronary anoxemia, 9 hyperventilation, 10 and innumerable changes 
in cardiac function are known to produce both segment changes and 
alteration in. the polarity of the T waves. Master, Friedman, and Dack 11 
have shown that, after exercise, a general depression of the RS-T seg- 
ment and T waves may occur in the presence of coronary insufficiency. 
This study suggests that digitalis depression of these electrocardio- 
graphic components may be the result of cardiac anoxia. Digitalis effects 
on the electrocardiographic constituents have been variously described 
by Oettel, 12 Gold and his co-workers, 13 and others. 14 ' 18 Wegria and his 
associates, 19 in a recent study, felt that changes in the electrocardiogram 
after digitalis administration appeared to be characteristic for each type 
of preparation used. 

The 'use of the electrocardiogram for clinical standardization of digi- 
talis preparations has been suggested by many clinicians. These obser- 
vations have been discounted in the past, and we are led to believe that 
a more detailed study, embracing all phases of electrocardiographic 
change caused by various digitalis preparations, may lead to a more con- 
sistent series of observations. Although our observations are prelimi- 
nary, we feel that they support this contention. 


Table I 


DRUG USED 

DOSAGE ADMINISTERED 

METHOD OF 
ADMINISTRATION 

Digifolin (Ciba) 

4 c.c., 2 cat units 

Intravenously 

Digalen (Roche) 

4 e.c., 2 cat units 

Intravenously 

Digilanid (Sandoz) 

S c.c., 4.8 cat units 

Intravenously 

Ouabain (Smith) 

4 c.c., 10 cat units 

Intravenously 

Cedilanid (Sandoz) 

8 c.c., 1.6 mg. 

Intravenously 

Digoxin (B. W. & Co.) 

3 c.c., 3 cat units 

Intravenously 

Scillaren-B (Sandoz) 

1 c.c., 1 cat unit 

Intravenously 

Strophosid (Sandoz) 

2 c.c., 1 mg. 

Intravenously 

Stroplianthin-K (Abbott) 

2 c.c., 0.5 mg. 

Intravenously 

Coramine (Ciba) 

1.5 c.c. (Pyridine beta- 
carboxylic acid diethyl- 
amide of nicotinic acid) 

Intravenously 

Metrazol ( Seller ing) 

1 c.c. (1% grains of penta- 
metliylenetetrazol ) 

Subcutaneously 


The drugs listed in Table I were given in the dosage recommended by 
the manufacturer. All preparations, with the exception of metrazol, 
were given rapidly by the intravenous method. In the case of digoxin, 
the recommended dose was diluted with physiologic saline to make a total 
volume of 10 c.c. 

METHOD OF STUDY 

Each preparation was given to two subjects who were free from cardio- 
vascular disease. Normal renal function was a prerequisite in each case. 
Investigation was made to ascertain whether or not the subjects had 
drug idiosyncrasies. Prior to the study, an electrocardiogram was 
recorded in the four conventional leads recommended by the American 
Heart Association. A Sanborn Cardiette and a portable Cambridge 
machine were used alternately, and were so standardized that a 1 cm. 
deflection represented a potential difference of 1 mv. Each subject was 
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placed in a supine position, where he remained until the. completion of 
the study. After the administration of each dray, Lead II was recorded 
at ten-minute intervals for a period of not less than two hours. When 
no elect vocurdiogrnplm change was noted after one hour’s observation, 
the study was discontinued. Throughout the period of observation, each 
subject was examined from time to time, and interrogated relative to f lie 
appearance of untoward symptoms. 


RES CRTS OF STCJDV 


1. (Jedilanid (Lanato.side ('). — The average heart rate of the- two 
subjects that received 3.6 mg. of Lanaloside C was 90 per minute at the 
commencement of the experiment. An appreciable reduction of this rate 
was not noted until two hours after the administration of the drug, and 
this reduction was only 5 beats per minute. One subject bad frequent 
ventricular ectopic beats before the drugs was given, and these dis- 
appeared completely throughout the period of observation. Jn both 
subjects, a gradual depression of the KH-T segment was noted, begin- 
ning 10 minutes after the drug was administered and continuing for 
a period of from 00 to 300 minutes. At this time, the JfS-T depression 
reached its maximum of 2 mm. A return of this depression was first 
noted 130 minutes after the drug was given, and a gradual return of 
this segment to normal occurred in approximately twenty-four hours. 
The positive polarity of the T waves in both subjects diminished, and 
could he considered iso electric 80 minutes after the drug was given. 
The T waves remained in this isoelectric state throughout the entire 
period of observation, and, at the end of twenty-four hours, their for- 
mer positive polarity was still mainly lacking. Neither subject pre- 
sented untoward symptoms or physical signs attributable to Lanaloside 0, 

2. Ouabain . — One subject received 30 cat units of ouabain which was 
recommended as active, although its potency expiration date had almost 
arrived. This preparation was found to be ineffective, clinically and 
elect rocardiographically. The remaining subject received fresh ouabain 
solution directly from the manufacturer. The effect of the drug was 
almost immediate on both the heart rate and the electrocardiogram. At 


the end of 130 minutes of observation, the heart rate was reduced from 
92 per minute to 52 per minute. This marked sinus effect continued tor 
four hours after the completion of the experiment. The maximum de- 
pression of the ibS-T segment was noted ten minutes after the drug was 
given. 7 he 7’ wave also showed its maximum depression within ten min- 
utes, The quantitative depression of the JLS-T segment and the T wave 
approximated more than 3 mm. at this time. Both of these components 
gradually increased their positive polarity, and, at the end of 320 min- 
utes, two-thirds of their depression had been nullified. This rapidity of 
action on the electrocardiogram was unlike any of the other glycosides 
used in this study, ft possibly aeeounts for 1 he sudden deaths which we 
ha'*e observe*-] when it has been given to patients with congest ire heart 
failure who had been receiving digitalis previous to its administration 
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Fig. 1- — Comparative serial electrocardiograms recorded 
change with ouabain and gradual change with Lanatoside 
T wave. ) 


in Lead II. (Note rapid 
C on RS-T segment and 
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Q.£D/LAN/D -(SAMDOZ-) - l-6> mo. 

Fig. 2 . — Maximum cedflanid deflection. 1 cm. = 1 mm. on electrocardiogram. 
Diagrammatic Scheme . — Changes in the electrocardiographic pattern of the RS-T 
segment and T wave before and after* the intravenousf administration of the various 
cardiac glycosides. 

Scale X cm. equals 1 mm. on actual tracings, 

*In the case of ouabain, a return of the pattern to normal is noted. 
fMetrazo! was given subcutaneously. 



OLD OUABAIN -(SMITH)- 10 C. U. 

Fig. 3. — Inert ouabain (old). Maximum effect. 1 cm. = I mm. on the electrocar- 
diogram. 



FfiESH OUABA//V-(5MfTH)-I0CU. 

Ljg. 4*— Fresh ouabain. Maximum deflection in ten minutes. Dotted line represent 1 ! 

return to normal in two hours. 



DfG0X!(V-(6 . CO.) - 3 CM. 


ft A 

-Maximum digoxin effect. 1 cm. = 1 mm. on the electrocardiogram, 



D/G.ALI >V-mCH£)-X C. U 

Fig. 7. — Digaien. l cm. = 1 mm. on the electrocardiogram. 
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(see accompanying electrocardiogram of F. Jf.). There was no evi- 
dence of an ouabain effect electrocardiographically, eight hours after the 
drug was administered. 

3. Dir/oxin . — -After the ini ravenous administration of 3 cat units of 
this drug/' gradual depression of the RS-T segment was noted in both 
subjects. This depression reached its maximum in 320 minutes, and 
measured % mm. The T wave was gradually depressed in a like manner, 
and, at the end of 320 minutes, was lowered Vi> mm. The action of this 
drug on the electrocardiogram was not unlike eedilanid, but the degree 
of depression was far less. As in the ease of eedilanid, digoxin produced 
an almost negligible early sinus effeet, The maximum reduction in heart 
rate throughout, the entire 120-minute period of observation was six beats 
per minute. Evidence of digoxin effect was still apparent eight hours 
after the completion of the study. No untoward symptomatic or physi- 
cal effects were noted in either subject throughout the enlire course of 
the study. 

4. Digalen . — Although the RS-T segment and T wave were depressed 
only mm. in each subject, a moderate sinus effect occurred in both 
throughout the 120-ininute period of observation. The average reduc- 
tion in heart rate was 30 beats per minute. This reduction was first 
noticed 30 minutes after the drug was administered, and continued 
throughout the 320-minute period of observation. Eight hours after the 
study, the sinus reduction no longer obtained, but the V% mm. of RS-T 
segment and T-wavc depression was still apparent. No untoward symp- 
tomatic or physical changes attributable to this drug were noted through- 
out the entire period of study, 

5. IJujilanid . — After the intravenous administration of this drug (4.8 
eat units), a gradual reduction in heart rate was noted: this continued 
for the entire 130 minutes of observation, and averaged 34 heats per 
minute. A slight sagging effect on the RS-T segment occurred in 20 
minutes, and this continued for 70 minutes after the drug was adminis- 
tered, at which time it reached ils maximum depression of % mm. The 
depression of the T wave occurred gradually after the drug was adminis- 
tered, and, at the end of 330 minutes, the depression reached its maxi- 
mum oi 3 1/2 mm. On a previous study, 2 eat units of this drug were ad- 
ministered to a subject, and the only noticeable effect on the electro- 
cardiogram was a Vs mm. depression of the descending limb of the T 
A\a\e. No untoward symptoms resulted from the administration of this 
drug. 

G. Stro])h(ni{hin-K (Abbott). — One mg. of Ibis drug was given intra- 
venously to two subjects without producing untoward symptoms or 
physical signs. Throughout the entire experiment, which was conducted 
tor a period oi two hours, little or no effeet was noted on the RS-T seg- 
ment and 1 wave. In one subject there was a slight, questionable de- 
pression at the commencement of the RS-T segment. The sinus effect on 
the heart rate was negligible. 
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7. Strophosid (Sandoz). — Each of two subjects received one mg. 
of this drug intravenously without untoward clinical effects. Changes in 
the RS-T segment throughout the entire study were negligible. The only 
effect on the T wave was a i/ 2 mm. depression of its descending limb. 
No sinus effect was noted. 
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D/GILANID-(SAND02)~ VQ CL A 

Fig. S. — Digilanid, maximum deflection. 1 cm. = 1 mm. on the electrocardiogram. 



STROPM hlTH/N-K-CABBOTV-O. PM g. 


Fig. 9. — Strophanthin-K. Maximum deflection. 1 cm. = 1 mm. on the eiectro- 

, cardiogram. 



Fig. 10. — Strophosid. Maximum deflection. 1 cm. = l rum. on the electrocardiogram. 


8. S cilia ren-B . — Two subjects received 0.144 mg. of this drug with- 
out untoward clinical effects. No change in the RS-T segment occurred 
throughout the entire period of observation. Very slight depression of 
the descending limb of the T wave was noted 80 minutes after the drim 
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was given. A slight sinus reduction in heart rate occurred within KJ 
minutes after the drug was administered, and continued throughout 
the entire period of observation. 

9. Metrazol . — This drug was given subcutaneously to two subjects in 
2 c.e. doses (3 grains). Approximately 20 minutes after the drug was 
given, an increase in the depth of respiration was observed. No other 
clinical change occurred. The 31S-T segment, 20 minutes after the drug 
was given, revealed slight depression (1 mm.), and this depression con- 
tinued for approximately 60 minutes. This segment change disappeared 
at thhe end of two hours. Forty minutes after the administration of this 
drug, a very slight increase in the positive polarity of the T wave was 
observed (% mm.). This slight increase in positive polarity continued 
throughout the entire period of observation. An appreciable sinus reduc- 
tion in the heart rate of approximately 25 beats per minute was noted 
at the end of two hours. 



M £ TRA Z OLr(S CHER 1/16 ) ' Jt OR. 

Kig. 11 . — Metrazol (given subcutaneously,!, Maximum effect of 1% grains. 1 cm. = 

X mm. on the electrocardiogram. 



tig. 12. Corami ne. Maximum deflection. 1 cm. = I mm. on the electrocardiogram. 

10. Coroutine. — Three c.e. of this drug were given to two sub- 
jects without noticeable clinical effect. The only electrocardiographic 
change appeared to be slight shortening of the QT interval. A ques- 
tionable mm. sagging of the RS~T segment was observed in one sub- 
ject. No sinus effect was noted. 
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DISCUSSION 

Of the various glycosides administered to normal subjects in this study, 
only three, eedilanid, digoxin, and ouabain, produced significant electro- 
cardiographic change within the two-hour serial study. It is interesting 
that eedilanid and digoxin act in a similar manner by producing gradual 
depression of the RS-T segment and T wave, although the former did so 
more significantly. These drugs are similar in chemical make-up. 
Digoxin is known to be a degradation product of eedilanid. In the case 
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of active ouabain, the inaxiinum effect on the JiS-T segment and T wave 
occurred within ten minutes after the intravenous administration of 
the drug. This rapidity of action may in some way be related to the 
toxic effects occasionally noted when it is given to patients who are al- 
ready fully digitalized. The return of the electrocardiographic compo- 
nents toward normal seems to follow, inversely, the pattern of electro- 
cardiographic effect. The ouabain effect on the electrocardiogram was 
two-thirds nullified at the end of the two-hour period of observation, 
whereas the effects of both eedilanid and digoxin remained almost at a 
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2. The effects of cedilanid and digoxin were gradual, but the former 
produced a more significant change, quantitatively. 

3. A fresh preparation of ouabain produced significant electrocardio- 
graphic change that can be considered maximum for this drug within 
ten minutes after administration. 

4. This ouabain effect was two-thirds nullified at the end of two hours, 
whereas the effects of cedilanid and digoxin remained almost at their 
maximum until the study was completed. 

5. The foregoing observations suggest that there is a selective action 
of these drugs on the electrocardiogram, and this selectivity warrants 
futher study. 

6. Metrazol produced an electrocardiographic change which was un- 
like that produced by the glycosides. 
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ON THE MECHANISM OF THE ELECTROCARDIOGRAPHIC 
SYNDROME OF SHORT P-R INTERVAL WITH PROLONGED 

QRS COMPLEX 


Theodore T. Fox, M.D., and Audrie L. Bobb, M.D. 

New York, N. Y. 

T HE subject of this paper, namely, the electrocardiographic phe- 
nomenon of a short P-R interval followed by a prolonged QRS com- 
plex, has been heretofore judged to be of academic interest only. Ac- 
tually, it is part of a syndrome manifested by heart consciousness which 
occurs in patients who have a tendency to paroxysmal arrhythmias. 
These ectopic rhythms may have their focal origins in either auricles 
or ventricles. Although they are often more annoying than dangerous, 
the fact that there is always a potential hazard was pointed out re- 
cently by Wood, Wolferth, and Geckeler, 1 who reported the sudden 
death of a boy of 13 years. 

Knowledge of the mechanism of this peculiar syndrome is still in its 
hypothetic stage. The hypothesis advanced by Holzmann and Scherf 2 
and Wolferth and Wood 3 is essentially as follows : 

Some hearts possess, in addition to the normal conduction system, 
an aberrant pathway connecting one of the auricles with one of the 
ventricles. Through this aberrant pathway, early stimulation of one 
of the ventricles may occur. The relatively later spread of excitation 
to the other ventricle is the cause of the prolongation of the QRS 
complex. ■ 

This hypothesis was recently supported by the experimental evidence 
of Butter worth and Poindexter. 4 By short-circuiting the normal con- 
duction system through an amplifier, they were able to reproduce the 
electrocardiographic picture in animals. In a recent communication, 5 
clinicolaboratory evidence was presented in favor of this hypothesis. 
It was suggested that the QRS complex in the syndrome may, in some 
cases, be the result of simultaneous functional activity of the aberrant 
and normal pathways. Histologic proof of the existence of accessory 
conduction connections between the auricles and the ventricles of a pa- 
tient with this type of electrocardiographic abnormality was recently 
furnished by Wood, Wolferth, and Geckeler. 1 

If the assumption of an aberrant conduction pathway is correct it 
should be possible to modify conduction by means of drugs (or other- 
wise), either in it or the normal conduction tissue in such°a manner as 
to obtain functional release of one or the other. Depression of the 
functio nal activity of the aberrant tissue should divert the electrical 
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impulse exclusively through the A-Y node, and, in so doing, rectify the 
conduction time relationships in the electrocardiogram. If, on the 
other hand, the A-Y node could be depressed at a time when the electro- 
cardiogram pattern is normal, the aberrant mechanism, being the sole 
palhway, should give rise to an electrocardiographic pattern consisting 
of abnormal complexes. 

A ease suitable for this sort of clinical investigation recently presented 
itself at Sea view Hospital. 


J-f. W., a 33 -year-old colored man, was admitted Feb. 12, 3942. His 
past history included pneumonia and influenza in childhood and gonor- 
rhea in adolescence. For several years prior 1o admission, he had had 
occasional pains in various joints and had noted occasional palpitation 
on slight exertion. Jn November, 3941, he developed a cough with a 
small amount of yellowish sputum, asthenia, and loss of weight. In 
December, 3943, he was verv ill, with elevation of his temperature to 
103° F. 

On physical examination, a dorsal scoliosis was noted. The lungs 
were normal clinically and roentgenographically. The heart sounds 
were of good quality and regular. The rate was 80 per minute. A 
soft systolic murmur was heard at the apex of the heart. Fluoroscopic 
examination revealed no abnormalities of the cardiovascular silhouette. 
The. blood pressure was 340/80. There were no evidences of heart fail- 
ure. The hands and feet were cool. The radial arteries were thick- 
ened. The blood cell counts were normal, the blood was normal from the 
chemical standpoint, and the blood Wasscrmann reaction was negative! 
Urinalysis showed a faint trace of albumin and an occasional erythro- 
cyte and leucocyte. The electrocardiogram showed a short P-R interval 
with prolonged QRS complex (Fig. 3, B). The clinical course was 
uneventful. Many sputum and gasti’ic examinations for acid-fast, ba- 
cilli yielded negative results. The blood pressure was variable, and, at 
times, reached hypertensive levels (348, 364, systolic: and 138, 324, 
diastolic). 


KXl’ERIM ENTAU OBSERVATIONS 

The following pertinent experimental observations were made over 
a period of three months: 

3- On April 17, a control electrocardiogram showed a P-R interval of 
0.08 second and a QRS time of 0.31 to 0.32 second. There was a notch 
on the upstroke of R,, and also on the downs! roke of R- at its summit, 
i he heart rate was 68 to 7b per minute. Atropine sulfate (1.3 mg.) 
was given intravenously. Tracings were taken at short intervals for 
a period of fifteen minutes. The heart rale increased to 300 per minute. 

ie oltnge of the QRS complex increased iri the standard leads. With 
,.‘ e l !' < . I ’ e; !' S{ ‘ ’ n v °ltage. the slur and notch on R,.. were obliterated. 
, *? . -R interval and the duration of the QRS complex were not af- 
ec e<i. b if teen minutes after the administration of atropine, prostig- 
mine met In Isulf ate (l e.c. of 1:4,000 solution) was administered sub- 
cutaneously. Twenty minutes later the heart rate was 72. There was 
no other change in the eleetroeardiogram. 

; .n April 1 7, 18. and 19, the patient was given a dailv oral dose 
ot i).4 l.m. (4 cat units) of digitalis leaf. On April 20. the tracing 
showed his usual (abnormal) pattern in Leads I and II. In Lead III 
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there was an occasional altered (normal) beat and, ^ • 

ularlv recurring complexes with a P-R ' rme nt was ele- 

ado 0 f 0 08 second were recorded. The RS-T 4 segment Mas e c 

vM, and T.j was diphasic. The record obtained April 21. is 
in Fi°'. 1, A, and that of April 22, m Fig. 1, C. This lattei mbs the 
onlv record with reversed conduction relationships m^alllrads through- 
out the course of the observations except those obtained aftei the acl- 
ministration of quinidine. 



Fig. 1. — A, Leads I, II, and III show normal sinus rhythm. Lead IV shows a 
short P-R interval and a prolonged QRS complex. Lead IV differs, however, from 
the usual fourth lead in the abnormal tracings. B, The characteristic abnormal trac- 
ing. C, Normal sinus complexes in all four leads. 


3. On April 24, 2 mg. of atropine sulfate were given intravenously. 
The heart rate increased from 75 per minute in the control record to 
100 per minute. There was an increase in the voltage of the QRS com- 
plex in the standard leads, as observed previously after the administra- 
tion of atropine. In a series of tracings taken over a period of twenty 
minutes, the rhythm remained the same. Twenty minutes after the 
administration of atropine, prostigmine methylsulfate (1 c c of 1 -4 000 
solution) was given intramuscularly. The heart rate decreased to S6 
per minute with no other change. 

4 On April 25, positional tracings were taken on deep inspiration 
and deep expiration. The electrocardiographic pattern Remained ah 
normal m all tracings obtained. Structural changes occurred in H e 
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R wave and in T x . There were spontaneous variations in heart rate 
from 60 to 100 per minute. Some of the variations are recorded in 
Fig. 2. 

5. Beginning April 30, the patient was given 0.4 Gm. (4 cat units) 
of digitalis leaf daily by mouth for four consecutive days. Daily elec- 
trocardiograms were secured. The only changes observed were exag- 
gerated depression of the R-T segments in all leads and variations in 
rate (Fig. 3, B and C). 

6. On May 8, the control tracing showed a heart rate of 75 per minute. 
R-T, mui 2 were still markedly depressed. Epinephrine (0.5 c.c. of a 
1:1,000 aqueous solution) was administered intramuscularly. Tracings 
w'ere obtained fifteen, twenty, and twenty-five minutes afler the in- 
jection. Twenty, minutes after the injection the heart rate was 50, 
which was the slowest rate ever observed in this case (Fig. 3, A). 



,, We- ,2--— Positional tracing*. A, Loads I, II, and III taken in the supine position. 
it v'i i T.l }h uncl HI taken In the supine position on deep inspiration. O, Leads 1, 
ta * iC ‘ n In the right lateral position. D, Lc-ads I, II, and III taken In th. 
left lateral position. 


<• On May 15, the control tracing showed a heart rate of 60 per 
minute. Meeholv] chloride (15 mg.) was given subcutaneously. A 
lacing obtained two minutes after the injection showed a rate of 100 
and accentuation of the notch on the upstroke in Lead I, with con- 
comitant lowering of the voltage of QRS„ as if a change in the electrical 
f * a x n Place. Seven minutes later, at the height of the systemic 
< k nV°o S f ue 1° "“ccholyl (sweating, lacrimation, and choking sensa- 
’ n ]"- atropine sulfate were given intravenously. The heart 

If e . 1< r ma . lne ^ Rt 100 per minute, approximately the same as before 
le injection. The voltage of R, increased and the notch on the up- 
v me ess conspicuous. No other structural change in the 
ct ocardiogram took place. An occasional premature ventricular con- 
traction appeared. 
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8. On May 19. the patient was given an oral test dose of quinidine 
sulfate (0.2* Gm.), after which 0.4 Gm. was given orally , every four 
hours. On May 20, he had 0.4 Gm. of quinidme at 8 :00 a.m. and O b 
Gm. at noon, in the two days he had received a total of 3.3 Gm. of the 
drug. An electrocardiogram taken at 3 :00 i\m. showed a normal sinus 
pattern similar to the tracing reproduced in Fig. 1,0. 

9. On May 22, the control tracing showed tire usual (abnormal) char- 

acteristics. A single dose of 0.8 Gm. of quinidine sulfate was admin- 
istered. A tracing obtained three and a half hours later again showed 
the normal sinus pattern. - 

10. On May 25, the control tracing showed the usual abnormality. 
Two and a half hours after a single dose of 0.8 Gm. of quinidine, a 
tracing revealed a normal pattern in all leads. At this time 4 c.c. of 
prostigmine metliylsulfate (1:4,000) were given intramuscularly; A 
tracing taken fifteen minutes later was again abnormal. This took 
place approximately two hours and forty-five minutes after the ad- 
ministration of quinidine. 



cularfv 3 'r M 4 The effect of 0.5 c.c. of 1 :1,000 epinephrine intramus- 

Tracin^- o? t mgr ^ taker l a , fter two daily doses of digitalis leaf. 0 4 Gm. each C 
tracing taken after four daily doses of digitalis leaf, 0.4 Gm. each. ’ 


no 1 ;. 011 control tracings were abnormal. A single dose i 

wornTi- °‘ . qmmdme Slllfate was given orally, and frequent tracin' 
j.i ^ taken in order to establish the time of onset and the duration < 

■iftm eX +i eCteC | C lange 311 conduction. It appeared two and a half hou 
theLafter. adminiStrat1011 ° f the drilg and lasted two and a half lion 

quSdt Gm Ms A ft * ' 

showed an alternating type' of °candu < etion ( Fig° ^ 

sequent tracings were normal. Three hours and forty-fivf minut, 


316 


AMERICAN HEART JOURNAL 


after the administration of quinidine (about one and a half hours after 
the onset of normal conduction), 4 c.e. of prostigmine methylsulfalc 
(1.-4,000) were given intramuscularly. The tracing taken fifteen min- 
utes later was still normal. The next tracing, taken forty -five minutes 
after the injection of prostigmine, was abnormal. 



Figr. 4. — Alternating type of rhythm after quinidine. A, Lead II on one occasion. Jtj 

Lead III on another occasion.' 


13. On June 3, the control tracing was abnormal. Three hours after 
a single oral dose of quinidine sulfate (0.8 C!m.) the conduction was 
alternating. The three and one-half hour tracing was normal in all 
leads. Fifteen milligrams of mecholyl chloride were given subcutane- 
ously about four hours after the administration of quinidine. Two 
minutes later the tracing still showed a normal conduction pattern, 
but the rate was faster. Ten minutes after the injection of mecholyl 
the conduction was alternating. At this point the systemic reactions 
due to mecholyl were so marked that atropine sulfale (1.2 mg.) was 
given intravenously. The tracing obtained immediately after the in- 
jection of atropine was again abnormal; the rate was slightly slower 
than in the control tracing. Fifteen minutes after the injection of 
atropine the rate was considerably slower than in the control (Fig. 5). 

14. On June 4, the control tracing was abnormal. A single oral 
dose of 0.8 fim. of quinidine sulfate was administered, and several trac- 
ings were taken at frequent intervals. The tracing was still abnormal 
three and a half hours after quinidine was given. It first became nor- 
mal four hours after the administration of quinidine. Six cubic centi- 
meters ot digifoliji (3 eat units) were then given intravenously. A 

lacing taken two minutes later was normal. Fifteen minutes after 
ie ULiecticm oi digifolin, the electrocardiogram was again abnormal. 

n ,° 0l * ler structural change in any of the segments of the 
OKS-T complex. * 


( iL 0n .^ c 5 quinidine (0.8 Gm.) again was given orally. A sing 
til ^i fmir hours later, showed normal conduction. The eoi 

trol had shown the usual abnormal characteristics. 

. : r Ju ’l c 18 > 11 «eemed that the patient had become tolerant t 
quinidine. He was given 0.8 Gm. of the drug at 7:00 a.m. (hefoi 
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breakfast). Frequent electrocardiograms were taken. Four hours and 
forty minutes after the administration of the drug, the tracing was still 
abnormal. He was given a second dose of 0.8 Gm. at 11 :ou a.m. One 
hour later the electrocardiographic pattern was normal. At this time 
strophantliin K (0.25 mg. in 1 c.c.) was given intravenously. Serial 
tracings were taken immediately after the injection and for five hours 
subsequent to it. The conduction remained normal. No tracings were 
taken during the night. The following morning the conduction was 
again' abnormal. 




Fig. 5. — A, Control tracing. B, Alternating rhythm observed three hours after a 
single dose of quinidine (0.8 Gm.). C, Normal tracing three and one-half hours after 
administration of quinidine. D, Tracing obtained two minutes after 15 mg. of me- 
cholyl subcutaneously. E, Alternating rhythm after injection of mecliolvl. F, Ab- 
normal tracing following injection of mecholyl. G-, Tracing obtained fifteen minutes 
after injection of atropine. Note slow rate as compared with control tracing in A. 


17. On June 22, four hours and fifteen minutes after a single dose 
of quinidine (0.8 Gm.), the electrocardiogram was still abnormal. A 
second dose of 0.4 Gm. was then administered. Forty-five minutes after 
the second dose the tracing was normal. Forty-five minutes later, 
strophantliin K (0.5 mg. in 10 c.c. of saline) was given intravenouslv. 
Tracings were taken at frequent intervals for one and one-half hours 
* The pattern remained normal. The next tracing, one hour later, was 
abnormal; it was taken two and one-half hours after the injection of 
strophantliin, or three hours and fifteen minutes after the conduction 
became normal. 


IS Beginning June 25, the patient was given 0.4 Gm. of quinidine 
sulfate four times daily for a period of eight days. No medication was 
during the night. Electrocardiograms were secured dailv at 
about the same time (3:30 1p.m.). A normal pattern was observed on 

30) * The l3St two abnormal tracings showed 

19- On July 3 a single dose of quinidine sulfate (1.1 Gm.) was o-iven 
at < :00 a.m. A tracing secured at 10 :30 a.m. was normal. Prostmmine 
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methyl sulfate (5 c.c. of 1:4,000 solution) was then administered intra- 
muscularly. Tracings were taken at five-minute intervals. Fifteen 
minutes after the injection the patient appeared uncomfortable; his 
face was covered with beads of perspiration. The -twenty -five-minute 
tracing was still normal, without even an appreciable change in the 
heart rate. Fifteen milligrams of mecholyl chloride were then admin- 
istered subcutaneously. Two minutes later the heart rate increased 
from 70 to 120 per minute; the conduction, however, remained normal. 
Three minutes after the injection of mecholyl the patient’s discomfort 
increased greatly. He perspired profusely, and developed a choking 
sensation and an intense desire to urinate. Two milligrams of atropine 
sulfate were immediately injected intravenously. Tracings were taken 
before, during, and after the injection. The conduction remained nor- 
mal. The heart rate, however, decreased to 87 per minute within five 
minutes after the injection. Consecutive tracings at frequent intervals 
were normal until 2 lot., when the first abnormal tracing was obtained 
(heart rate, 75 per minute). It differed from the control in that it 
showed extremely high voltage of the QIIS complexes, apparently an 
effect of atropine, as observed previously. 


COMMENT 

During the three months the patient was under observation, 105 
electrocardiograms were taken. On one occasion, a tracing showing 
normal sinus rhythm in all four leads was obtained three - days after 
digitalis was discontinued. All other normal tracings apparently re- 
sulted from giving quinidine. Quinidinc sulfate was given on twelve 
occasions; in doses of 0.8 Gm. or more it never failed to produce a normal 
sinus pattern. The effect of the drug was apparent as early as two 
hours after its administration. In the later observations (Experi- 
ments 16 and 17), a longer time was required for the effect to become 
manifest. It is quite possible that the element of lime, rather than the 
second dose of the drug, was the determining factor in producing the 
normal electrocardiographic pattern in these expcrimcnls. The dura- 
tion of the quinidine effect was at least two and one-half hours after a 
single dose of 0.8 Gm., and at least five hours when a second dose was 
given five hours after the unsuccessful, or insufficient, first dose. The 
effect of a single 1.1 Gm. dose was a normal conduction pattern which 
lasted at least three and one-half hours. 

The effect of quinidine on this electrocardiographic phenomenon was 
previously reported by Roberts and Abramson/' Their observations * 
were subsequently confirmed by Wolferlh and Wood/ It is interesting 
that doses of 0.325 Gm. were ineffectual in the latter’s case, whereas a 
double dose produced a normal pattern. It is evident that, in order 
to maintain the normal conduction pattern, large doses would have to 
he repeated at frequent intervals to balance the rate of absorption and 
the ute oi excretion of the drug. The effect of quinidine is interesting 
from the physiologic point of view. It lends support to the hypothesis 
advanced by Tlolzmann and Scherf* and Wolfcrth and Wood 3 that the 
S 3 ndiome is due to the presence in some hearts of an aberrant conduction 
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raeehaiiism which connects one of the auricles with, one of the ventricles. 
Quinidine apparently has a pronounced affinity for the aberrant mech- 
anism, and depresses it. Normal transmission of the sinus impulse then 
takes place through the A-V node, with the normal eleetrocardiogiaphic 
pattern. On the other hand, any substance with a greater affinity for 
the A-V node will depress it and allow propagation of the sinus impulse 
through the aberrant mechanism, with the resulting abnormal electro- 
cardiographic pattern. 

The effect of digitalis on the syndrome was first noted by Schcrf and 
Schonbrunner. 8 They observed an increase in the duration of the ab- 
normal QRS complex after the administration of digitalis and ultimate 
disappearance of the abnormally conducted beats when the drug was 
continued. They concluded that the abnormal conduction mechanism 
is more susceptible to the effects of digitalis than the specific conduction 
tissue. 

In a recent communication, 3 a more detailed study of the effect of 
digitalis on the syndrome was reported. An increase in the duration 
of the abnormal QRS complex was produced by the drug, and evidence 
was presented to indicate that the phenomenon is vagal in character. 
The effect of digitalis on the abnormal, complex was interpreted as in- 
dicating increased asynclironism of ventricular stimulation due to the 
cholinergic properties of the drug, particularly to its depressing effect 
on the A-V node. The usual abnormal complex was thought to be a 
compromise effect of the simultaneous functional activity of the A-V 
node and the aberrant tissue. 

In the case herewith presented, no such effect of digitalis on the ab- 
normal complex was observed. When administered (intravenously), 
however, at a. time when the aberrant conduction tissue was depressed 
and the conduction pattern was normal, it caused reappearance of the 
abnormal complex. Other cholinergic drugs, namely, prostigmine and 
mecholyl, had a similar action. Since the transformation of the normal 
conduction pattern to the abnormal one was accomplished soon after 
a normal pattern was established, it is hardly possible that this could 
have been spontaneous. The failure of the combined action of mecholyl 
and prostigmine to reproduce the abnormal pattern in Experiment 19 
may be explained by the marked depression of the aberrant tissue caused 
by a large dose of quinidine (1.1 Gm.). The double dose of quinidine 
in Experiments 16 and 1 1 was probably the cause of the failure of 
strophanthin to produce the abnormal conduction pattern. The strim- 
gle between the A-V node and the aberrant tissue in this case did not 
result in a compromise modification of the QRS complex, but rather in 
a surrender of the functional activity of one or the other mechanisms. 

The presence of exaggerated vagal tone in cases of this syndrome is 
supported by the following additional evidence: sinus arrhythmia of 
greater or lesser, extent was almost universally present in all the ah 
normal tracings. The heart rate was subject to spontaneous fluctuations 
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from 60 to 100 per minute (Fig. 3, B and C). Even when the vagus 
was not in full control (Fig. 4), an arrhythmia manifested itself in 
the relation of the abnormal groups to the normal ones and also in their 
relationship to each other. After an injection of epinephrine, the pa- 
tient behaved like an animal with its vagi intact; his heart slowed— a 
phenomenon supposed to he reflexly mediated through the carotid sinus 
and aortic nerves and caused by elevation of the blood pressure. The 
slowing of the heart rate produced by atropine after mecholyl is prob- 
ably of the same nature, and is caused by the rise in blood pressure. 

SUMMARY 

A case of short P-B interval and prolonged QRS complex is presented. 

On repeated occasions the abnormal electrocardiogram was trans- 
formed into a normal one by the oral administration of quinidinc. 

Cholinergic drugs, including digitalis, when administered soon after 
the appearance of the normal electrocardiographic pattern, reproduced 
the abnormal pattern. 

These observations are in harmony with the hypothesis that the ab- 
normal electrocardiographic pattern is due to an accessory auriculo- 
ventricular conduction mechanism. Quinidinc sulfate apparently has a 
greater affinity for the accessory tissue, and depresses it, thus allowing 
transmission of the sinus impulse through the normal pathway, whereas 
the cholinergic drugs (including digitalis), by depressing the A-V node, 
divert the impulse through the aberrant conduction tissue. 

AVe wish to acknowledge the help of Lieutenant Colonel Irving S. Wright anil 
Major Delavan Y. Holman in the preparation of this paper. 
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CLINICAL EXPERIENCE WITH DICUMAROL 

Captain William I. Gefter, M.C., David W. Kramer, M.D., and 

John G. Reinhold, Ph.D. 

Philadelphlv, Pa. 

T HE prothrombin-lowering principle of spoiled sweet clover, 3,3 - 
methylene-lns- (4-hydroxy coumarin ) , was isolated, identified, and 
synthesized by Link and his co-workers. 1 ' 4 The synthetic preparation, 
dieiimarol, was first nsed in man by Butt, Allen, and Bollman, and by 
Bingham, Meyer, and Pohle. 0 Both groups of investigators suggested 
that giving small doses of the drug daily was more effective than a single 
large dose, and that dicumarol might be used as a substitute for heparin 
in the prevention of thrombosis. Meyer, Bingham, and Pohle 7 recom- 
mended an initial oral dose of 5 mg. per kg. of body weight, followed by 
1 to % mg. per kg. daily. 

This report is based on the study of thirty patients with thrombo- 
embolic diseases (Table I). There were fourteen cases of peripheral 
arterial occlusion (six femoral, two popliteal, two axillary, one brachial, 
two thromboangiitis obliterans, one arteriosclerosis obliterans) ; one 
case of coronary artery occlusion; four cases of cerebral artery occlusion 
(two embolic, associated with rheumatic heart disease, and two throm- 
botic) ; two cases of subacute bacterial endocarditis; four cases of pul- 
monary artery occlusion; one case of retinal vein thrombosis; three cases 
of thrombophlebitis; and one case of what was probably hepatic vein 
thrombosis. 

method of study 


Twenty-five patients received 300 mg. of dicumarol orally on each of 
the first two days, and 50 mg. daily thereafter. The drug was discon- 
tinued when the first indication of hemorrhage appeared. Five patients 
received '200 mg. every other day; the intervals were prolonged when 
the prothrombin was considered to be dangerously low. The average 
predosage levels were : plasma prothrombin, 80 per cent ; clotting time, 
four _ minutes; bleeding time, two minutes. In all cases a control de- 
termination of plasma prothrombin, venous clotting time, and bleeding 
time were made just prior to the administration of dicumarol and at 
frequent intervals throughout the therapeutic period. In many cases, 
similar observations were made with respect to the leucocyte count, 
hemoglobin, blood sugar, blood urea nitrogen, van den Bergh, icterus 
index, bromsulfalein retention, and urine specific gravitv, albumin, 
sugar, and formed elements. 

Plasma Prothrombin. — Quick's 5 method was used for determining the 
plasma prothrombin, and the results were expressed in percentage of 


Prom the Philadelphia General Hospital. 
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sendees' ml patientf^re “faStS cooperatlon oC the visiting: physicians on whose 

The dicumarol was supplied by Eli Lilly and Co., Indianapolis, Ind. 
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Table I 


Summary of Patients Treated With Dicumakul 


DIAGNOSIS 

NUMBER 

OF 

CASES 

RE- 

COVERED 

DIED 

CASE 

NUMBER 

REMARKS 

1. Peripheral 
arterial oc- 
clusion 
a. Femoral 

G 

? 


1 

Arteriosclerotic heart disease; au- 
ricular fibrillation; ernbolectomy ; 
slight wound, bleeding on the 
third day; prothrombin, 20 per 
cent 


4 


2 

Gunshot perforation of femoral ar- 
tery; massive hematoma; surgical 
repair; no toxicity 




:i 

Arteriosclerotic heart disease; died 
within twenty-four hours 



•* 

4 

Arteriosclerotic heart disease; dia- 
betes mellitus; no toxicity 




5 

Gangrene of toes (body cast for 
fractured femur) ; 200 mg. every 
other day for 34 doses; improved 
circulation ; no toxicity 


«■ 


li 

Gangrene of toe; 200 mg. every 
other day; no toxieitv 

1). Popliteal 

2 



7 

Gangrene of toes; amputation; no 
toxicity 


* 


8 

Slight, circulation improvement; no 
toxicity 

<•.. P.rachial 

1 

4- 


it 

Arteriosclerotic heart disease; gan- 
grene on tips of two fingers; slow 
improvement ; rectal bleeding on 
twelfth day; prothrombin, 11 per 
cent; clotting time, five minutes 

d. Axillary 

2 

4 - 


10 

Rheumatic heart disease; auricular 
fibrillation ; 200 mg. every other 
day; no toxicity 



4r 

11 

Arteriosclerotic heart disease; heart 
block; diabetes mellitus; died 
within twenty-four hours; no 
toxicity 

e. Thrombo- 
angiitis 
obliterans 

2 

-* 


12 

Slight temporary improvement; Jeg 
amputation later; no toxicity 


* 

\ 

■ 

Slight improvement in one leg; 200 
mg. every other day for three 
weeks; no toxicity 

1. Arterio- 
sclerosis 
obliterans 

1 



14 

No improvement, leg amputation 
later; no toxicity 

-■ Coronary 
artery 
occlusion 

1 



15 

Died on nineteenth day; pro- 
thrombin, 100 per cent, at death; 
no toxicity 

Cerebral 
artery 
occlusion 
a. Embolic 

2 

4 


10 

Rheumatic heart disease; congestive 
failure, no toxicity 



♦ 

1 

t 

i 

1 


17 

Rheumatic heart disease; auricular 
fibrillation; slow improvement; 
small episcleral hemorrhage on 
sixth day; bleeding time six 
minutes; clotting time, six min- 
utes; prothrombin 8 per cent 
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Table I— Cont ’l> 


DIAGNOSIS 



DIED 

CASE 

NUMBER 

REMARKS 

b. Throm- 
botic 

2 

-X- 


18 

Hypertensive . heart disease ; dia- 
betes mellitus; slow improvement ; 
no toxicity 



W 

19 

Died in four days; blood not clotted 
at autopsy table, twelve hours 
after death 

4. Subacute 
bacterial 
endocarditis 

2 


* 

20 

Died after two months 5 treatment; 
no toxicity 



* 

21 

Died in three days; no toxicity 

5. Pulmonary 
artery 
occlusion 

4 

* 


22 

Auricular fibrillation; no toxicity 


* 


23 

Secondary to phlebitis; no toxicity 




24 

Following cesarean section; hema- 
turia and vaginal bleeding on 
eighth day; prothrombin, 8 per 
cent; clotting time, ten minutes; 
one blood transfusion 


4f 


H 

Small hemorrhages of feet two 
weeks after treatment begun; 
prothrombin 47 per cent; 200 mg. 
every other day for thirty-five 
days 

(5. Retinal vein 
thrombosis 

I 

* 


2(5 

Progressive improvement; no tox- 
icity 

7. Thrombo- 
phlebitis 

3 



27 

Pelvic inflammatory disease, phlebi- 
tis of leg; improved rapidly; no 
toxicity 


* 


28 

Prompt improvement; no toxicity 


¥: 


29 

Good results; no toxicity 

8. Hepatic vein 
thrombosis 

i 

¥ 


80 

Acute phlebitis of leg twelve days 
post partum; enlarged liver; ab- 
dominal distention; prominent 
superficial abdominal veins; 200 
mg. every other day; no toxicity 

Totals 

so 

28 

7 




tlie average normal. Acetone-treated rabbit brain served as thrombo- 
plastin, and, with normal plasma, gave prothrombin times of eleven to 
thirteen seconds. 

Venous Clotting Time . — Five cubic centimeters of venous blood were 
withdrawn into a. sterile, dry syringe and quickly transferred to a 
chemically clean, dry test tube which was gently tilted every thirty 
seconds until the entire sample no longer flowed. The venous' clotting 
time was recorded as the time which elapsed from the moment the blood 
was shed to when it congealed. 

Bleeding Time . — The finger tip was pricked, and the time the drop of 
blood took to clot sufficiently to close the puncture in the skin and stop 
the bleeding was noted. The moment when bleeding ceased was taken 
as the end point. 

RESULTS 

Of the thirty patients treated, twenty -three recovered and seven died 
(Table I). Analysis of the deaths reveals that no toxic manifestations 
due to the drug were observed in any. Two were treated for femoral 
artery occlusion, one for axillary artery occlusion, one for coronary 
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artery occlusion, one for cerebral thrombosis, and two for subacule 
bacterial endocarditis. It is difficult to say whether or not the dicumarol 
contributed to the fatal outcome in any of these. It is our impression, 
however, that the disease pursued its natural course. It is equally diffi- 
cult to credit the drug with contributing to recovery in our cases with 
a favorable outcome, although evidence is extant in this direction. Ob- 
servations on the peripheral circulation were made by one of us 
(D. W. K. 9 ). Oscillometrie readings were made in eight cases; in five 
there was slight improvement, and in three, no appreciable effect on the 
larger arteries. In one case, there was definile improvement on the 
uninvolved side. With the histamine test, six of the eight jmtients 
showed improvement, two of whom showed definite improvement in the 
peripheral circulation by capillary response. When the larger arterial 
trunks are involved with thrombotic formation, the oscillometer will 
usually not demonstrate much improvement unless an appreciable 
amount of arteriospasm is present. The histamine test, however, is 
more likely to detect improvement in the distal capillary circulation. 

Prothrombin. — Pig. 1 represents the results of determinations of 
plasma prothrombin in terms of percentage of normal in the patients who 
received 300 mg. daily for two days and 50 ing. daily thereafter. Three 
patients received dicumarol for as long as forty-four, fifty, and fifty- 
three days, respectively, with no evidence of cumulative or toxic- effect. 
The curve which rises rapidly to a sustained prothrombin level of H)0 
per cent (Case 15) is difficult to interpret. Considering expected effect , 
the probable explanation for this is failure of absorption of the drug. 

The broken line shows prompt restoration of the prothrombin eight 
days after withdrawal of the drug, which began when the prothrombin 
was 8 per cent (Case 24). One blood transfusion was given. In four 
cases, the prothrombin dropped to less than 10 per cent of normal, and 
transient hemorrhage occurred in two of these (Cases IT and 24). 

Fig. 2 (curve A) is a composite derived from a spot graph of Fig. 1. 
Although it fails to indicate the indubitably present latent period (be- 
cause of insufficient determinations of prothrombin after twenty-four 
hours of treatment), it shows a rapid reduction of the prothrombin to a 
level of 25 to 30 per cent in two to three days, a maximum reduction in 
four to seven days, and then a slow, progressive rise to a level of about 
50 per cent in four weeks, where it was subsequently maintained. The 
prothrombin was 20 per cent or less from the fourth to the ninth days. 

Clotting Time. — Fig. 3 shows the results of the various clotting time 
determinations. These vai-y less markedly than do the prothrombin 
changes. The single clotting time of twelve minutes is associated with 
a prothrombin of 18 per cent, and the one of ten minutes with a 
prothrombin of S per cent. The broken line represents the return to a 
normal clotting time level of four minutes, eight days after cessation of 
the drug (Case 24). This is in general agreement with the observations 
of Quick, 10 who found the coagulation time relatively little delayed until 




Fig. 1. — Prothrombin determinations during oral dicumarol dosage of 300 mg. daily 
for two days, followed by 50 mg. daily. The broken line (Case 24) represents pro- 
thrombin percentage after cessation of dicumarol therapy and one blood transfusion. 



.. Fig. 2.— Comparison of composite curves of prothrombin percentage and clottine 

° f FlSS ’ 1 and 3 respectiv ely) , showing UntKSl 






bleeping time in min. 


* * . 1 I I I I till* I I r • 1 I » 

Fig. 3. — Clotting time determinations during the study. The broken line (Case 21) 
represents determinations after cessation of dicumarol therapy and one blood trans- 
fusion. 



Ig. 4. Bleeding time determinations, showing, by inspection, lack of significant 

alterations. 
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the prothrombin content dropped below 20 per cent of normal. Barker, 
Butt, Allen, and Bollman 11 reported that an increase in coagulation time 
usually occurred, but was considerably less constant than the effect on 
the prothrombin time. 

Fig. 2 (curve B) is a composite of Fig. 3, and shows a rapid increase 
in clotting time to a level of six minutes in two to three days, a maximum 
increase from four to seven days, and then a gradual return to a level 
slightly greater than normal in about four weeks. The clotting time is 
six minutes or more from the third to the tenth days. This curve 
parallels the prothrombin curve rather closely (Fig. 2). 

Bleeding Time— The results of the bleeding time determinations 
(Fig. 4) are very variable. No pathologic level was observed, except 
the one of six minutes, at which time the prothrombin was 8 per cent 
(Case 17). This conforms with the. observations of Allen, Barker, and 
Waugh 12 that the bleeding time is not influenced by dieumarol, and 
with those of Wright and Prandoni 13 that there is considerable variation 
in the bleeding time. 

TOXICITY 

No changes attributable to the dieumarol were observed in the leuco- 
cyte count, hemoglobin, blood sugar, blood urea nitrogen, van den Bergh, 
icterus index, bromsulfalein retention, and urine specific gravity, 
albitmin, sugar, and formed elements. The effect on plasma prothrombin, 
venous clotting time, and bleeding time have been discussed. Schofield 14 
found that spoiled sweet clover produced no abnormality of calcium or 
fibrinogen. No increase in antithrombin or decrease in platelets was 
noted by Roderick. 15 Quick 10 observed no alteration in any coagulation 
factor except prothrombin. Allen, Barker, and Waugh 12 reported an 
increased sedimentation rate and retarded clot retraction as a result of 
dieumarol. The latter observation was confirmed by Wright and 
Prandoni, 13 who, however, found no sedimentation rate changes, no in- 
crease in capillary fragility, and no hepatic or renal damage. Butt, 
Allen, and Bolbnan 5 reported no change in hemoglobin, erythrocyte 
count, leucocyte count, erythrocyte fragility, blood typing, serum 
bilirubin, or urine. Davidson and MacDonald 10 noted no alteration in 
plasma proteins. 

The only toxic manifestations in our series were hemorrhagic phe- 
nomena (Table II) in five cases. On the third day after leg amputation, 
slight wound bleeding occurred (Case 1). Although the prothrombin 
was 20 per cent at this time, the complication may have been coincidental. 
Rectal bleeding occurred on the twelfth day of treatment for brachial 
artery occlusion (Case 9). The prothrombin was 11 per cent, and the 
clotting time, five minutes. A small episcleral hemorrhage developed 
(Case 17) on the sixth day of treatment, at which time the prothrombin 
was 8 per cent, the clotting time, six minutes, and the bleeding time, six 
minutes. On the eighth day after cesarean section (Case 24), hematuria 
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'Faulk II 


Toxicity ok Dicumarol 


CASE 

NUMBER 

HEMOnitJMOJC 

MANIFESTA- 

TION 

DAY OK 
APPEAR- 
ANCE 

PROTHROMBIN 

(%) 

oj.oTH.vr; 

TIME 

(MIX.) 

W.EEWNO 

TIME 

(MIX.) 

1 

Postamputation 
wound bleeding 

3 

20 


_ _ 

9 

Rectal bleeding 

12 

11 

ij 

— 

17 

.Small episcleral 
hemorrhage 

C 

8 

r, 

!) 

24 

Postcesarean section 
hematuria and 
vaginal bleeding 

8 

8 

10 

o 

ft 

25 

Small hemorrhagic 
extravasations of 
feet 

14 

47 


« 


and vaginal bleeding occurred. The prothrombin was 8 per cent, the 
clotting time, ten minutes, and the bleeding time, three minutes. Small 
hemorrhagic extravasations on both feet developed on the fourteenth 
day, when the prothrombin was 47 per cent (Case 25 ) , i\ll five patients 
recovered promptly; dicumarol was discontinued immediately after 
evidence of toxicity was discovered. The patient with the hematuria 
and vaginal bleeding improved more slowly than the others, and re- 
quired a whole blood transfusion. 

Although the basic causative factor in the bleeding is defective coagu- 
lation due to prothrombin reduction, a possible added factor may be 
the extensive dilatation of small vessels noted by Bingham, Meyer, and 
Pohle 0 in animals which were receiving fatal doses of dicumarol. Dura- 
tion of treatment is not a factor in toxicity, as indicated by the absence 
of ill effect in the three patients of our series who received the drug 
continuously for six to seven weeks. As much as 10 0 in. of dicumarol 
have been given over a ninety-two-day period without detectable changes 
in liver function. 17 


COMMENT 

Since the risk of hemorrhage becomes distinct when the prothrombin 
is 20 per cent or less, it seems desirable to avoid the danger zone, from 
the third to ninth days (Fig. 2), by employing less drug during the 
first two days.' The rising portion of the prothrombin curve might be 
explained, by an increased tolerance to the drug, but it seems more rea- 
sonable to attribute it to the fact that the maintenance dose was approxi- 
mately 1 mg. per kg., rather than the recommended 1.5 mg. per kg. The 
progressive increase in prothrombin to a level of 50 per cent seems un- 
desirable because of the associated reduction in dotting time to an almost 
normal level. 

A better dosage regime, therefore, might be 300 mg. of dicumarol 
on tiie first day, and 100 mg. thereafter. Although this schedule might 
produce a prothrombin curve more closely approximating the desired 
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one than does the authors’ curve, it must be realized that, at best, it is 
only a rough guide toward dosage, and that the only reliable method of 
adjusting the daily dicumarol dose is by the results of frequent plasma 
prothrombin determinations. 

There are a few large series reported on the use of dicumarol in 
normal persons to prevent thrombosis and embolism postopera- 
tively, 11 ’ 12> 18 ’ 19 and several small series on the use of dicumarol in 
thrombo-embolie diseases. 11 ’ 13> 20 ’ 21 As with our results, the majority of 
reports are encouraging. Most investigators are agreed upon the absence 
of effect of dicumarol on the liver, kidney, or blood, except for the 
significant effect on prothrombin and clotting time. Hemorrhagic 
phenomena have been the only form of toxicity reported in man. 

An obvious question which arises is, can the reduction of plasma 
prothrombin, particularly with the less marked alteration of venous 
clotting time, actually prevent intravascular clotting? There is experi- 
mental evidence for an affirmative answer. Allen, Barker, and Waugh 12 
and Wright and Prandoni 13 observed retardation of clot retraction after 
dicumarol therapy. Bollman and Preston 22 noted a definite reduction 
in the tendency to thrombosis in glass cannulae inserted into carotid 
and femoral arteries of diciunarolized dogs. Dale and Jaques 23 made 
similar observations in veins crushed on a linen thread and in glass 
cells inserted between carotid artery and jugular vein. Richards and 
Cortell 24 found marked inhibition of thrombus formation in veins into 
which a sclerosing solution had been injected. 

Contraindications to the use of dicumarol : 

1. Subacute bacterial endocarditis, when there is already a natural 
tendency toward hematuria and central nervous system bleeding. 12 

2. Renal insufficiency, especially with urinary suppression. . In this 
situation there is an exaggerated response to dicumarol. 12 

3. Blood dyscrasia in which the hemorrhagic diathesis is already 
present. 

4. Liver damage with vitamin K deficiency, when the prothrombin 
concentration is already reduced and difficult to restore, 12 ’ 19 and the 
effect on the prothrombin is more marked than in a patient without liver 
disease. 25 

5. Ulcerating or granulating lesions, because of the tendency to bleed- 
ing in such eases. 11 ’ 18 

Indications for dicumarol : 

1. To prevent postoperative thrombosis and embolism. 

2. To prevent extention of a thrombus already formed, and, sec- 
ondarily, improve blood circulation. 

•Disadvantages of dicumarol : 

1. Start of the action is delayed twenty-four hours or more. This 
may be overcome by using heparin for the first thirty-six hours, until 
the full effect of dicumarol has developed. 17 ' 2G ’ 27 ’ 
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2. Increased clotting time persists several days after cessation of 
dicumarol therapy, and can be corrected only temporarily by blood 
transfusion. 

3. Factor of capillary dilatation. This is probably not of practical 
importance because it was demonstrated only in animals which received 
a massive, fatal dose of the drug. 

4. Prothrombin must be dangerously low before the clotting time is 
sufficiently altered. Therefore, facilities mast be available for carrying 
out the frequent prothrombin determinations that are essential for safe 
regulation of the dicumarol dosage. 

Advantages of dicumarol over heparin : 

1. Effective when given by mouth. 

2. Prolonged action. 

3. Low cost. 

SUMMARY 

1. Thirty patients with thrombo-embolic diseases were treated with 
dicumarol. 

2. No changes were observed in the leucocyte count, hemoglobin, blood 
sugar, blood urea nitrogen, van den Bergh, icterus index, bromsulfalein 
retention, and urine specific gravity, albumin, sugar, and formed ele- 
ments. 

3. On the dosage schedule of 300 mg. orally for two days and 50 mg. 
daily thereafter, the plasma prothrombin fell rapidly from 80 per cent 
to 25 per cent of normal in three days, was 20 per cent or less from the 
fourth to ninth days, and then rose slowly to a level of 50 per cent in 
four weeks, where it was subsequently maintained. Coincidentally, the 
clotting time rose from four minutes to a level of six minutes in three 
days, was six minutes or more from three to ten days, and then fell 
slowly to a level slightly greater than normal in four weeks. The bleed- 
ing lime was uninfluenced. 

4. Of the thirty patients, seven died and twenty-three recovered. Im- 
provement in the peripheral vascular circulation was demonstrated in 
six of eight eases studied. 

5. Hemorrhage, the sole manifestation of toxicity, was observed in 
five cases, in all of which the patient recovered. 

6. The only reliable method of ascertaining the proper dose of 
dicumarol is by frequent plasma prothrombin determinations. 
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ALTERATIONS IN THE FORM OF THE T WAVES WIT] I 
CHANGES IN HEART RATE 

David Sciierf, M.D. 

New York, N. Y. 

A LTER ATIONS of I lie ventricular electrocardiogram appear occa- 
sionally in llio first, normal beat which follows an cxtrasystolc. 
When a conduction disturbance exists in one of the bundle branches, 
the long postoxtrasystolic pause may permit better recovery of the 
specific tissue, thus improving the conduction of the. first postextra- 
systolic beat. The signs of intraventricular block may disappear from 
this ventricular complex in the electrocardiogram. 5 ’ Variations of 
Ihe first postoxtrasystolic T wave arc also encountered after inter- 
polated ventricular extrasystoles; the recovery time for the first posl- 
extrasystolie beat is too short, and the stimulus for the first ventricular 
contraction after the cxtrasystolc spreads abotTaully within the ven- 
tricles. In such instances, changes are usually also seen in the QRS 
complex. Finally, after a long series of exl rasystoles (paroxysmal 
tachycardia), T-wavo changes may be found for a short time; 3 they 
can be explained by Ihe cardiac damage caused by the tachycardia 
(anoxia, exhaustion). 

This paper deals with alterations of the T waves and of the S-T seg- 
ments which appear in the first post exl rasyslolic heat after single extra- 
systoles and without changes of the QRS complex. Hitherto they have 
rarely been observed, and have not, to our knowledge, received detailed 
study. 

Electrocardiograms, made at the Metropolitan Hospital during the 
years 1940 to 1942 constituted the materia) used in this investigation. 
In these three years, 3G,810 tracings were taken. Occasionally more 
than one electrocardiogram was made on the same patient. In the 
Medical Department, an electrocardiogram was recorded routinely on 
every patient; in the other departments this happened only if an ar- 
rhythmia was discovered or a heart lesion suspected. The number of 
older patients in this hospital population is somewhat higher than in 
most general hospitals. 

Extrasystolcs were found in 1GS cases, that is, in one per cent of the 
electrocardiograms taken. Changes in the final deflection of the first 
postextrasystolic beat were seen in 57 cases, or one-third of those with 
extrasystolcs. Among these 57 patients, 14 had auricular, and 43 ven- 
tricular, extrasystolcs. Tn 15 eases, the electrocardiogram was other- 
wise normal, or showed only left axis deviation. In the others the 
change s varied. The pattern of left ventricular strain (left axis devia- 
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l 

tion with displacement of. S-T segment and T waves in a direction 
opposite to the main deflection) was seen frequently. Some patients 
showed the classical pattern of anterior wall infarction, others had in- 
verted T waves in Lead I or II, and a few showed widening or split- 
ting of the QRS complexes. 



Fig. ,1. — Ventricular extrasystoles in a case of left axis deviation ; there are changes 
m the form of the T wave in the first postextrasystolic beat. 

Some of the data collected from the 57 patients with changes in the 
T waves of the first postextrasystolic beat are shown in Table I. The 
first column gives the number; the second, the age of the patient; the 
third states the type of extrasystoles found; and the fourth indicates 
in which lead a postextrasystolic beat was registered. (Since all of the 
tracings were routine electrocardiograms, extrasystoles were frequently 
not registered in all leads.) The fifth column notes the presence or 
absence of evidence of organic heart disease, and the chief electro- 
cardiographic findings are mentioned in the sixth. In the seventh 
column the changes in the T waves of the first postextrasystolic beat 
are described. 

Fig. 1 was taken from a 32-year-old patient with hypertension (Case 
50 of Table I). The, electrocardiogram shows sinus tachycardia, with a 
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Positive T in Leads I and II is lower, nega- 
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heart rate of 110 and left axis devialion, without oilier, changes in the 
QRS complexes. The T waves arc positive in each lead, hut rather low 
in Lead T. A ventricular exlrasyslole appears after every second or 
third beat. In Lead I the T waves of Ihe first postextrasystolic heat be- 
come lower and slightly dijihasic. The T wave in Lead II also becomes 
flattened after the extrasystole; in Lead 1 1 T it is higher for the one beat 
after the exlrasyslole, and, in Lead GIL, Ihe changes are similar to those 
in Lead 1. 

Fig. 2 shows five tracings from five different patients. The first 
tracing, A, is Lead I, taken from a patient who suffered from coronary 
sclerosis; the T waves were inverted in all leads. The T wave in this 
tracing (Fig. 2) becomes positive in the first beat after the ventricular 
extrasystole. The same alteration may be seen in the second tracing, J>, 
which is from a 54-vear-old patient with coronary sclerosis; Load II 
is reproduced. In this case the extrasystoles appear so late that the 
postextrasystolic pause is no longer than the normal pause. In the 
third 1 racing (Fig. 2, C), Lead III is reproduced; there were no T 
waves in any lead. An inverted T wave appears, however, immediately 
after a ventricular extrasystole. The first ventricular complex of this 
tracing also follows an extrasystole, and has. therefore, an inverted T ■ 
wave. The fourth tracing, J). shows inverted T waves in the chest lead 
(GIL) of a 63-year-old patient with coronary sclerosis; the T wave of 
the first posl ext rasys! olio normal beat becomes positive. The fifth trac- 
ing, E (OIL), from a 52-year-old patient with coronary sclerosis, shows 
dee]), negative T waves. After an auricular extrasystole whose P wave 
is buried in the preceding I' wave, the T wave of the first postextra- 
systolic sinus beat is less negative, and is followed by a positive com- 
ponent. The first complex of Ibis tracing shows the same thing be- 
cause it succeeded an auricular extrasystole. 

Similar alterations were observed in other eases. Positive T waves 
were higher or lower in the first postextrasystolic beat, and inverted 
T waves more, or sometimes less, inverted; positive T waves became 
negative, and vice versa. Sometimes the changes were found in all 
leads, in other eases in only two. Occasionally they were visible only 
in the chest lead. At times, an inverted T wave in Lead T became 
positive, whereas a positive T, became negative. No changes in Ihe 
QRS complex of the first postextrasystolic heat were observed. Both 
auricular and ventricular extrasystoles were present in some cases. The 
f-wave changes were identical after both types of extrasystoles. 

bven when definite electrocardiographic patterns existed, the type of 
change in Ihe T wave of the first postextrasystolic beat could not he 
piedicled. In 39 eases of hypertension, the pattern of left ventricular 
stiain was found; in 9 of these cases the S-T segment of the first post- 
extrasystolic heat was less depressed and the T waves became positive. 
In 4 instances, however, the negative T wave in Lead I became more 
negative, whereas, in 6, there were no changes in the T wave in this 
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lead. The T waves of the chest lead also showed different changes in 
individual cases. In 9 cases in which there were definite evidence of 
myocardial involvement and a low or inverted T wave in Lead I, this 
became either higher or positive after the extrasystoles. In 5 cases 
in which the electrocardiogram was normal, the positive T wave in 
Lead I became inverted after an extrasystole. These five patients had 
cardiovascular disease (hypertension, angina pectoris, coronary sclero- 
sis). 


A. 


I). 


O. 


D. 


E. 


Fig:. 2.— Changes in the T waves of the postextrasystolic beats in five cases. 

Reference was made earlier to 16 cases in which the electrocardio 
gram showed no signs of myocardial damage. Other observations in- 
dicated, however, the presence of organic heart disease in 9 of these 
cases. Therefore, there were only 7 patients without definite proof of 
an organic heart lesion. Since some were over 50 years of age, coronary 
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sclerosis was possibly present, Tn 4 of the 7 eases, the T wave became 
higher after an ext rasy stole. In the remaining 3 it became lower or 
inverted. One of these palients (Case 17 of Table 1), a (iO -year-old ‘ 
man, had a thyroid adenoma; in the other 2 (Cases 18 and 81). who 
were 00 and 52 years old. respectively, no proof of organic heart- disease 
was found. The patients, however, were not observed sufficiently long 
to exclude an organic heart disease such as coronary sclerosis. Accord- 
ingly, in only three of 57 cases did the electrocardiogram of the first 
beat after the extrasystole show an alteration of the T wave in the sense 
of a myocardial lesion (lowering or inversion of the T wave) when 
there was no decisive evidence for the existence of heart disease. 



Ki(?. Z. — Tin* iijijK‘r tnicirifr rfiowfi chiinpcx in tl)'- j>t>.‘-t';xtr3}'>'jitollc T wave after a 
comlucteij auricular extntayntalc ; ! lie lower rliow the same eiienyes after a biw-frl 
auricular extrasystole. 

These observations seem to warrant the conclusion t hat the T-wave 
changes in the first postextrasystolic heat arc not rare. A normal or 
abnormal T wave may become more positive or more negative. Up to 
the present no definite rules could he drawn which were reliable for 
all types of changes. It. can he said, however, that a change in the 
T wave in Leads I and II in the direction of negativity, and indicative 
ot an abnormal electrocardiogram, is very rare when the heart is healthy, 
presuming that it occurs at all. 

The changes in the T wave of the first postextrasystolic heat might be 
ascribed to the extrasystole or to the. long pause which follows it. 

fracings like those in Fig. 3 show that the long diastole which fol- 
lows an extrasystole, and not the extra contraction itself, may cause 
changes in the final deflection of the first postextrasystolic beat. Auricu- 
lar extrasystoles, many of which were blocked, and sinus tachycardia 
nith 100 heats per minute were present in tiiis case. The S-T segment 
Mas depressed and the T waves were positive. In the upper tracing, 
tuo normal heats are followed by an extrasystole. Its origin cannot he 
ascertained with certainty from this tracing. Since the postextrasystolic 
pause is not compensatory, and many other tracings from this patient 
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in other leads showed only auricular extrasystoles, an aberrant auricular 
extrasystole may be assumed also in this tracing. The normal beat after 
the extrasystole has a much higher T wave. In the lower tracing, 
from the same patient, one sees a blocked auricular extrasystole. The 
normal beat which follows shows the same changes as Ihe postextra- 
systolic beat in the upper tracing, in spite of the fact that there was no 
premature ventricular contraction. In another case, both conducted 
and blocked auricular extrasystoles were followed by the same lowering 
of the T waves of the first postcxtrasystolic beat. 



Fig. 4. — Five tracings from patients with auricular fibrillation : the form 
T wave changes with the length of the preceding diastole. 


of the 


Likewise, it became clear from observations on other arrhythmias 
that a premature ventricular contraction is not a prerequisite for the 
changes in the T wave. 

In Fig. 4, tracings are reproduced which were taken from five patients 
who suffered from coronary sclerosis and auricular fibrillation. The 
first tracing (Lead III) shows clearly that the T waves become in- 
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crcasingly negative as the preceding pause lengthens. The same changes 
are visible in the second tracing (Lead CR„). In the third tracing 
(Lead CR 2 ), however, the T waves are higher after a longer diastole, 
and the same situation appears in the fourth and fifth tracings (Lead 
I). No change in the QRS complex accompanies these alterations of 
the T waves. In the three-year period during which the tracings were 
examined in regard to the postextrasystolic T-wave changes, variform 
T waves, as in Pig. 4, were noted in 22 cases of auricular fibrillation. 
Since auricular fibrillation was observed in several hundred cases, this 
phenomenon may be considered uncommon, but by no means rare. In 
only 5 of these 22 cases was there lowering or inversion of the T waves 
after a longer pause. In 17 instances they became higher when the 
preceding diastoles were longer. The type of change varied in different 
leads from the same patient. Sometimes, after a longer pause, the T 
wave in Lead I became higher, whereas, in Lead Til, it became lower. 
Occasionally, variations appeared in only one of the limb leads or 
only in the chest lead. Changes in the T waves in all 22 cases were 
more pronounced as the length of the preceding diastole increased. 



Fig. 5. — Changes in the form of the S-T segment and T wave in two cases of partial 
heart block after diastoles of different length. 


Fig. 5 shows two tracings from patients with disturbances of aurieulo- 
venlricular conduction and blocked auricular beats, causing the periodic 
appearance of longer pauses. The T wave of the systole after a longer 
pause is altered in both tracings. In the upper tracing (Lead I). par- 
tial auriculoventricular block (3:2 and 4:3) existed with a constant 
P-R interval. The T wave of the ventricular complex which follows a 
longer pause due to the blocking of an auricular stimulus is always 
deeper than the other T waves. Continuous 3:2 block, with fixed length 
of the P-R interval, is present in the second tracing. Here again, 
the S-T segment of the beat after the longer pause always differed 
Horn that of the other beats in that it had a much straighter course. 

The tracings presented thus far show changes in the S-T segments 
and T waves alone. If alterations also appear in the QRS complexes, 
another mechanism should be considered. Fig. 6 shows distinct changes 
in the QRS complex and in the final deflections of the beats which 
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follow (ho first two extrasystoles. One sees, however, the same devia- 
tions before the third extrasystole and also in the second beat followimr 
it. The same changes appeared in other tracings from the same patient, 
at times without extrasystoles. "We may, therefore, assume that the 
changed form of the post ext rasystolic beat in this ease was due to an 
in t nr ventricular* disturbance of conductivity. 

DISCUSSION* 

(Changes in the T waves after extrasystoles have been noted before. 
They are frequently to he found in experimental or clinical tracings 
in textbooks or articles, without remarks by the authors. 

To the best of our knowledge, While was the first to notice changes 
in the post ext rasystolic T waves. He described them in a paper on 
the alternating pulse as “slight alternation of the T-deflcotion’’ after 
premature beats. All of his patients had organic heart disease; tracings 
obtained from two patients were reproduced. They show deep inversion 
of the T wave for one beat after the extrasystole. 

Baeq described the same phenomenon as “periodic change of the 
T wave’’ in hypertensives. In one ease the positive T wave became 
negative after an extrasystole. A similar ease was reported by Laid im- 
am! Poumailloux as an example of “electric alternans.” This patient 
also bad hypertension. The positive T wave was inverted after the 
extrasystole, the next T was again positive, the following one was nega- 
tive, and then the T waves remained positive. No attempt is made by 
these authors to explain the changes in the post ext rasystolic T waves. 

Von Kapff reported one ease in 1930 and 7 more in 1932. Evidence 
of organic heart disease was available in 6 out of these 7 cases. Among 
tS eases published by von Pern bach, 6 patients bad signs oi heart dis- 
ease and 7 had cardiac symptoms. T-wave alterations after extra- 
systoles have also been described experiment ally. 1 The T-wave 
changes in other arrhythmias do not seem to have received attention 
before. 

In order to explain these chan gas. the following possibilities are 
worth consideration. 

1. The Altered Farm of the T Wave of the First Post c.r.tras>/st otic 
Heat is Due to a Chave/c in Intraventricular Conduction. — A disturb- 
ance of intraventricular conductivity may appear or become more pro- 
nounced if the diastole is too short and the recovery from the preceding 
systole is insufficient: this may happen with extrasystoles because the 
specific tissue conducts twice within a short time, and the post ext ra- 
systolic pause may lie inadequate to permit full recovery. On the 
“ther hand, an intraventricular disturbance of conductivity may he 
diminished if a beat follows a longer diastole, which permits bettor re- 
covery. It is known experimentally and clinically that intraventricular 
conduction disturbances may cause marked changes in the T waves. 1 * 
However, it is the rule that, in such cases, some ciiature in the form 
of the Q1LS complex appears (Fig. (»), even if this chance consists 
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merely in the height of a single wave. Since in all the cases collected 
in this paper there were marked alterations in the final deflection with- 
out any change in the initial complex, one cannot attribute the phe- 
nomenon to abnormal intraventricular conduction of the first post- 
extrasystolie beat. 

2. The Abnormality in the Size and Shape of the Heart Due to the 
Increased Filling in the Long Post ext rasysiolic Diastole Is the Cause of 
the T-Wave Changes.— The augmented filling of the ventricles after an 
extrasystole, which is clearly visible under the fluoroscopc and in the 
kymograph, causes enlargement of the heart, thereby increasing its area 
of contact with neighboring tissues of good conductivity. The extent 
of this contact influences the electrocardiogram markedly. For cur- 
rents of injury it has been established that prevention of direct contact 
between an injured area and the diaphragm abolishes the admixture of 
these currents to the electrocardiogram in the limb leads;, and that the 
high take-off in the electrocardiogram reappears as soon as this contact 
is re-established. 8 ’ 12 Changes in the T waves of normal persons which 
depend upon change in posture have also been explained as the re- 
sult of a difference in the contacts between the heart and the neigh- 
boring muscle mass. 13 ’ 15 Since, however, the T wave is registered dur- 
ing- the height of the ventricular contraction, it may lie assumed that 
the size and position of the heart at this period are the same for all 
beats, irrespective of the size of the organ during diastole, providing the 
heart is normal and empties completely. Under abnormal conditions an 
incomplete systolic emptying of the heart is possible if cardiac filling 
in the postextrasystolic* diastole is increased. Since the changes in the 
T waves described earlier usually appear when the heart is abnormal, 
this possibility cannot be completely discarded. 

3. The Changes in the T Wave Appear in Connection With an Altera- 
tion in the Force of the Systolic Contraction of the First Postextra- 
systolic Beat Caused by the Extrasystole. — The postextrasystolic con- 
traction is stronger for two reasons: (a) the greater filling of the heart 
in the long postextrasystolic pause (discussed under heading 5) ; (h) 
the “strengthening” effect of the extra contraction on the following 
beat. Any single contraction which follows another after a short in- 
terval increases the height of the next systole. 11 ’ 1S This strengthening 
effect becomes greater, as the interval between the two contractions 
becomes shorter. Woodworth has studied this effect on the perfused 
apex or base of the dog’s ventricle. It was confirmed by K-ihl on the 
perfused heart, in situ, under more natural conditions. This phe- 
nomenon depends solely on the prematurity of the preceding beat; it 
may be found even if the postextrasystolic pause is equal to a normal 
period. It is not always present in experiments on the intact animal 
because other factors, like changes in ventricular filling, may interfere. 
Observations, similar to those in Figs. 3, 4, and 5, show, however, that 
changes in the length of diastole, but not premature contractions, are 
prerequisites for the alterations in the T waves. 
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4. The T-Wavc Changes After Extras}) stoles Might, be Attributed to 
an Alteration in the Cardiac Blood Supply or Nutrition Caused- by the 
Extra-systole,. 4 '' — Alteration in the blood supply, or “nutrition,” as a 
consequence of. the extrasystoles would not become manifest so quickly 
nor would it be limited to a single beat. The fact that the same 
changes in the T wave appeared also in arrhythmias without extra- 
systoles, moreover, militates against these explanations. 

5. The Changes in the. T Waves are Connected With a Change in the 
Filling of the Heart. — This possibility was discussed, but discarded, by 
Kapff. Variations in filling must be assumed to exist in all conditions 
in which the changes in the T waves described in this paper appear. 
The stroke volume of the post ext rasystolic beat, is increased approxi- 
mately by the amount of blood not moved by the extrasystole, that is, 
occasionally by as much as 100 per cent. The stroke volume may also 
be doubled in heart block. Increased filling causes a stronger systole. 
Whether this, in turn, changes the T wave is a disputed question. Ac- 
cording to Pardee, the form of Ihe T wave seems to he influenced by 
the strength of the contraction; the T wave is larger in athletes and 
smaller after acute diseases. The different metabolic processes accom- 
panying alteration of- contractility seem to be the most probable ex- 
planation for the changes in the T waves as described. It is conceivable 
that changes in the strength of systole are unaccompanied by changes 
in the form of the T wave under normal conditions, but appear if the 
heart is in some way “damaged.” 

Although definite proof for any of these explanations is lacking, those 
mentioned under headings 1, 3, and 4 seem rather improbable. The 
observations described in this paper show that the postcxtrasystolic 
changes in the T waves do not depend on the preceding premature ven- 
tricular systole; they appear in connection with the preceding longer 
pause. 

Ti’aeings similar to the second in Fig. 2, in which marked T-wave 
changes appeared even when the post ext ra systolic pause was not longer 
than the other diastoles, speak against the importance of the length of 
the pause alone, without changes in the filling of the heart. 

Any change in the T wave of Ihe first postcxtrasystolic beat in the 
direction of abnormality (lowering or inversion of the T waves in 
Leads I and II) seems to speak in favor of existing heart disease, be- 
cause such changes were found only three times in patients without 
organic heart disease, whereas the number of eases in which no changes 
m the T waves appear after exlrasystoles or during auricular fibrilla- 
tion is very large. 

Almost evmy third patient reported in this study showed some 
change in the T wave of the postcxtrasystolic beat. This is certainly 

ue to the fact that the number of patients with exlrasystoles and a 
normal heart was small in the hospital material. It is noteworthy that, 
as far as we know, in cases with a marked respiratory arrhythmia, in 
■which, sometimes, very pronounced changes in the length of the diastole 
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appear, T-wave changes have not been described as yet. Such hearts 
are usually healthy or not profoundly damaged. Moreover, these changes 
were not seen in many hundred cases of partial heart block observed 
personally; the two tracings in Fig. 5 were a rare exception.. 

From the fact that marked changes in the T waves appear in some 
arrhythmias, depending exclusively on the length of the diastole, we 
may infer that, in some eases without arrhythmias, a change in the 
rate alone, without any intrinsic change in the heart, may cause altera- 
tions in the form of the T waves. 


conclusions . 


Alterations in the form of the T waves of the first postextrasystolic 
beat are described and analyzed. These changes are not rare. They 
are also found after blocked auricular extrasystoles and after long dias- 
toles in auricular fibrillation and heart block. 

Lowering or inversion of the T waves in Leads I and IT after a long 
diastole seems to indicate the presence of myocardial damage. Changes 
in the form of the T waves iii cases of myocardial damage may be due 


to a change in rate only. 

The mechanism leading to these alterations in the T waves has been 
analyzed; they seem to be chiefly connected with changes in the filling 
of the heart. < 
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MORPHOLOGIC STUDY OP THE CARDIAC 
CONDUCTION SYSTEM 

Part ill : Bunjilk Branch Bcock 

Daxiiu, ■). Glomsht, M.D., Anna T. A. Gcomskt, B.S., and 
Richard F. Biruk, M.D. 

Dies Mo in ms, Iowa 

T HE bundle branch block concept appears to have originated in 
1 lie; mind of RoUibergcr. In 1 009, be and Eppinger 1 were investigat- 
ing the effect upon the electrocardiogram of local injury to the myo- 
cardium of the dog. They injected a silver nitrate solution into various 
localities of the heart wall and observed that, occasionally, even minute 
quantities produced immediate alteration in the ventricular curves and 
marked physiologic changes in the injured ventricle. When such 
changes took place, Rothberger suspected that the solution had entered 
one of the main branches of the His bundle and had produced bundle 
branch block. 

»Sineo two of us 2 have recently reported our inability to find a special 
muscular conducting bundle in either man or dog, we determined to 
analyze the information which has accumulated since the early observa- 
tions of Rothberger and Eppinger. Our purpose was to learn whether 
the available evidence justifies the belief that the so-called bundle branch 
block complexes, obtained from experimental animals and man, are 
really due to blocking lesions in the branches of a special conducting 
system. In this communication, we present our analysis and our con- 
clusions. 

Eppinger and Rothberger 3 (3910) planned experiments to verify the 
theory which developed from their previous observations. With 
specially constructed knives, they entered the cavities of both lower 
chambers of the canine heart and made transverse sections into the 
ll PPoi' part of t he interventricular septum on the right and left sides 
(Fig. 1, A), and considered that their incisions were successful when 
they were followed immediately by the broad ventricular complexes 
shown in Fig. ], Jj and by a “nachhinkcn (limping after) of the 
injured ventricle. When these two changes occurred, they believed 
that the right or the loft, branch of the His bundle had been completely 
severed. However, they did not state bow they were able to recognize 
the branches, nor bow they could microscopically distinguish the 
branches from the neighboring muscle elements. They offered no eon- 
liol ob servations to exclude the possibility that the electrocardiographic 
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and structural changes were the result of experimental mutilation or 
of the severing of adjacent muscle fasciculi. 

Independent of the Viennese investigators, Barker and Hiraclifelder* 
had, in 1909, published their results after severing the left, bundle 
branch, but they concluded that the muscle bundles described by Tawara 
had no special function. 




Fi L 1 ; first experiment on bundle branch block. (Eppinger and Rothberger.) 

- 4 ., Incision of left septum. R, Resulting: electrocardiogram — anoesophageal lead. 


Rothberger and AVinterberg 3 continued the experimental observa- 
tions on bundle branch block in tlie dog, while Eppinger and Stoerck 0 
searched for eases of bundle branch block in man, for by this time 
Einthoven's string galvanometer had been introduced into the clinic. 
Here, however, the three limb leads were employed, whereas Rothberger 
continued to rely on the anoesophageal lead. Since Lead III is some- 
what analogous to the experimental anoesophageal lead, the clinical 
observers sought the diphasic, widened QRS complex in Lead III, and' 
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considered that the form of the complex in Lead III determined not 
only the presence or absence of bundle bnmeh block, Imt also the loca- 
tion of the blocking lesion. 

When the right bundle branch was cut, Kppiuger and ftotlihergcr 
had obtained a ventricular complex like that of a left ventricular extra- 
systole. When, therefore. Kppinger and Stoerek found widened eom- 
plexes in which the main spike was inverted in i.ead JI1, they suspected 
that the right bundle branch had been blocked, and. when the main <ie- 
flection was upright in the same lead, that the left had been interrupted. 
In two cases in which the complexes of right bundle branch block were 
traced (Fig. 21. necropsy was performed. In both, serial sections 
showed that the right branch was completely interrupted by fibrosis. 
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whereas the lei 1 branch was normal. The authors did not state how 
the\ distinguished the bundle branches from the ordinary myocardium. 
Jn their cases of right bundle branch block, Kppinger and Stoerek found 
the main ventricular deflection in Lead I directed oppositely to the 
main spike in Lead III. 
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This difference between tlie direction of the complexes in clinical 
and experimental bundle branch block disturbed Eothberger, who by 
this time was using Lead I as well as the anoesophageal lead in his 
experimental work on the dog. He and Winterberg found, after sec- 
tioning one branch, that the. main initial ventricular deflections had the 
same direction in both leads. Consequently, they suspected that the 
block was not complete in the eases reported by Eppinger and Stoerek. 
They, therefore, undertook to produce partial block by cutting the 
posterior limb, 'the anterior limb, and the apical twig's of the left branch, 
and also the twigs from the right branch — individually and in various 
combinations. By these procedures, they were able to modify the ven- 
tricular complexes. Since the observations of Eothberger and Winter- 
berg are startling, we give them in some detail. 

1. The authors present a detailed, gross description of the main right 
and left branches of the His bundle, including their secondary 
branches. The illustrations, ‘ ‘ drawings from nature,” clearly 
show the posterior and anterior subdivisions, as well as the apical 
twigs of the left bundle branch; they show twigs given off from 
the right branch in the neighborhood of the septal papillary mus- 
cle; they do not show the junction of the branches and the stem. 

2. They agree with Tawara that the bundle and its branches con- 
stitute a closed system. 

3. They report: 

a. When only the anterior limb of the left branch was severed, no 
constant changes occurred. When only the posterior limb was 
cut, the R became taller and the S more shallow in the ano- 
esophageal lead. 

b. When the left branch was intact, severing the right branch 
usually produced a left-sided extrasystole. 

c. The lengthening of the QRS interval, which always followed 
complete sectioning of the left branch, was not always noted 
after complete sectioning of the right. 

d. When the right branch was sectioned after almost complete 
severing of the left, complete A-Y dissociation did not occur. 
(In one experiment complete heart block occurred after a cut 
limited to the posterior limb.) 

e. When the left branch was severed, the complexes of left bundle 
branch block were obtained, even though the right branch had 
previously been cut. 

f. Marked., changes in the ventricular curves were often observed 
when the bundle branches were intact. 

g. Complete experimental right or left bundle branch block pro- 
duced initial main deflections similarly directed in Lead I and 
in the anoesophageal lead. 

Eothberger and Winterberg do not state how they distinguished con- 
ducting tissue fiom that of the ordinary myocardium. They surmised 
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that, in the clog, as in man, not all of the pseudotendons contained 
Purkinje elements. They do not describe or show by illustration the 
junction of what they call the branches of the His bundle and the 
main stem. Nor do they account satisfactorily for the convenient 
appearance of a “tertiary center” after severing the left branch in 
animals whose right branch had already been sectioned. 

"While these studies were in progress in continental Europe, Lewis 7 
and his associates in London were investigating experimental and clini- 
cal bundle branch block. Using dogs and one monkey, Lewis repeated 
the branch sectioning experiments of Rothberger and his associates. 
He found, like Rothberger and "Winterberg, that, in most dogs when 
the right or left branch was cut., the initial ventricular complexes had 
the same direction in all leads. To such deflections, Lewis applied the 
term concordant. However, in some dogs and in the monkey, the in- 
itial deflections pointed oppositely to one another in Leads I and III. 
Such curves he called discordant. Lewis thought that discordant curves 
were caused by the paucity of pseudotendons in the hearts which traced 
them. In 1915, Lewis presented to the Royal Society the observations 
which he and Rothschild 8 had made on the spread of the excitation 
wave in the mammalian heart. Because of masterly dielion and clear 
illustrations, these lectures made a deep impression on physiologists 
and cardiologists (Fig. 3). 

From their observations, Lewis and Rothschild concluded that the 
cardiac impulse travels through the His bundle approximately at the 
rate of 3,000 to 4,000 mm. per second, through the Purkinje network at 
the rate of 1,500 to 2,000 mm. per second, and through the myocardium 
at the more leisurely rate of 300 to 500 mm. per second. They ex- 
plained the activation of the blocked ventricle as follows: the wave of 
excitation passes from the septal endocardium of the uninjured ven- 
tricle, through the septum, into the Purkinje network of the blocked 
ventricle, and thence into the ordinary myocardium. Only the emi- 
nence of Lewis and his masterly presentation can explain the general 
acceptance of this amazing theory. 

We attempted, in vain, to bring to view a special conducting system 
in two canine hearts, according to the direction of Lewis and Roths- 
child; Barker, Maeleod, and Alexander’s 0 observations on the spread 
of the wave of excitation in mammals do not fully corroborate the find- 
ings of Lewis and Rothschild ; Robb, et al., 10 ’ 13 found that the speed 
of the electrical impulse through the ventricular muscle was 2,375 ± 128 
mm. per second, and also showed that Lewis, when he thought he had 
cut muscle bands crosswise, had actually made his cut parallel to the 
fibers. It is, therefore, apparent that there is need for a reinvestiga- 
tion of the mode of activation of the mammalian ventricles. 

"While Lewis’ experimental work was in progress, Carter 12 was search- 
ing the records of the London hospitals for electrocardiograms indicat- 
ing bundle branch block. In 1914, he published a clinical study of 
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Fig. 3. — Drawings of canine ventricular conduction system, after staining with Best’s 
alkaline carmine. (Lewis and Rothschild.) A, Right; B, Left. 
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twenty cases of right, and two eases of left, complete bundle branch 
block. The criteria lie employed for the selection of his cases were the 
following: h 

1. Presence of P summits. 

2. P-R interval frequently beyond 0.2 second. 

3. QRS interval exceeds 0.1 second, and, as a rule, constitutes more 
than one-third of the entire ventricular complex. 

4. Increased amplitude of initial defied ion. 

5. T, usually in the direction opposite to that of the prominent in- 
itial deflection, may be upright or inverted. 

6. Initial deflection almost always shows notching in at least one 
lead; many bizarre forms seen. 

7. T frequently much exaggerated. 

The only evidence presented by Carter for the validity of his criteria 
was the microscopic observations in the two eases of Kppinger and 
Stoerek. However, the complexes in those eases do not show increased 
amplitude. It is not clear 1o us what other grounds Carter may have 
had for choosing his criteria, hut it is apparent that he selected only 
cases in which there were curves that simulated preponderance deflec- 
tions to represent complete right or left bundle branch block. 

In the year that Carter published his clinical observations on bundle 
branch block, Cohn and Lewis 13 reported their pathologic study of four 
cases of bundle branch block (from serial sections). In one ease, Cohn 
had difficulty tracing the right and left branches, hut found a large 
amount of connective tissue involving the left branch. In another ease, 
he found no lesion in the branches. In the third case, the stem and 
the branches were normal. In the fourth case, there were a slight in- 
crease of connective tissue in the stem and atrophy of fibrils in the left 
branch. Cohn and Lewis, therefore, concluded “that the cardiac con- 
duction problem cannot he solved in the domain of pathologic anatomy.” 

From London, the interest in bundle branch block spread to the 
United States. Oppenhehner and Rothschild, 14 in 1917, published a 
study of sixty-two eases of intraventricular conduction defects. These 
cases clearly showed what a small percentage (6.4) of such defects 
actually fulfill Carter’s criteria. Twenty-five of their patients had 
died ,- fourteen had come to necropsy. In eleven cases, microscopic 
serial sections were made, and, in eight of these, there was coronary 
arterial occlusion ; in four, marked nodular sclerosis of the coronary 
arteries; and, in thirteen, marked patchy fibrosis of the myocardium, 
especially prominent in the endocardium and subendocardium of the 
left ventricle. From their observations, Oppcnheimer and Rothschild 
concluded that atypical bundle branch block complexes were due to 
esions involving the main branches of the His bundle, the twigs, and 
the Purkinje plexuses, and, therefore, named them arborization block. 
They stated that such complexes carried a poor prognosis. 
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The arborization block theory of Oppenlieimer and Rothschild M as 
accepted by some observers and rejected by others. For example, 
Carter 15 (1918) reported a clinical study of thirteen eases of arboriza- 
tion block, with a histopathologic study of one; and Willius 16 (1919) 
reported a clinical study of 138 cases of arborization block and also 
found that arborization block carried a poor prognosis. Rut Smith 1, 
doubted the arborization block explanation. From his own experi- 
ments with bundle branch block, he made the startling observation that 
severing a bundle branch was not in itself sufficient to produce a. bundle 
branch block complex, and that such a complex was traced only after 
the injured ventricle had become dilated. Hence, Smith concluded that 
two factors, severing the branch and fatigue, were necessary for the 
production of the bundle branch block complex. Wilson and Herr- 
mann 16 ’ 19 (1920, 1921), in an analytical review and an experimental 
study of bundle branch block, concluded that the evidence presented by 
Oppenlieimer and Rothschild did not sustain the arborization block 
theory. 

Wilson and Herrmann were able, first, to construct complexes which 
varied from the normal biocardiogram to that of complete bundle branch 
block by combining Lends ’ theoretical dextro- and levocardiograms at 
varying intervals; second, to produce complexes varying between nor- 
mal and complete bundle branch block by making the usual incision 
into the right upper portion of the septum, and eliciting right extra- 
systoles by electrical shock at varying intervals; third, to produce the 
same variation in complexes by compressing the right septum and per- 
mitting the septal myocardium to recover. From these observations, 
Wilson and Herrmann concluded that the complexes which fulfill 
Carter’s criteria represent complete bundle branch block, and that the 
atypical complexes with prolonged QRS intervals are due to incom- 
plete bundle branch block. 

Stenstroem, 20 in a series of communications (1922, 3924, and 1927), 
supported Wilson and Herrmann’s explanation of atypical bundle 
branch block, and presented evidence showing that electrocardiograms 
of transient bundle branch block and of varying forms of bundle branch 
block were the result of incomplete bundle branch block. 

While the cited observations were being made, other studies had been 
published which threw doubt on the entire orthodox bundle branch 
block concept. Boden and Neukirch, 21 working with transfused human 
and animal hearts, cut away the right ventricle and found that the 
resulting electrocardiogram had the main initial spike downwardly di- 
rected; on removal of the left ventricle, the electrocardiogram traced 
by the right ventricle had its main deflection upwardly directed. They 
also rotated the heart on its longitudinal and anteroposterior axes, and 
diseoveied that the heart s position profoundly affected the form and 
direction of the ventricular complex. Some years later, Meek and 
Wilson full} corroborated Boden and Neukirch ’s observations con- 
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ceming the effect of cardiac position on ihe ventricular carves of the 
electrocardiogram. In 3920, Fahr 23 published an analysis of the human 
electrocardiogram from which it may he inferred that he questioned 
Lewis’ conception of the levo- and dextroeardiogram. Falir concluded 
that Lewis’ statement concerning the rotation of the electrical axis in 
bundle branch block was also probably erroneous, and that the common 
type of bundle branch block was left, and the less common, right. In 
spite of these startling reports, the older concepts prevailed. ‘Willius 24 
(1929), in his Clinical Tiled rocardiograms, classified bundle branch 
block complexes as follows: 

I. Complete bundle branch block — the complexes which fulfill Car- 
ter’s criteria. 

a. Fight bundle branch block — the common type. 

b. Left bundle branch block — the less common type. 

II. Incomplete bundle branch block — the atypical ventricular com- 
plexes with a QRS interval of 0.1 second or more. 

The same year (1929), a patient with purulent pericarditis entered 
the University Hospital at Ann Arbor, Michigan. He was operated 
upon, and the wound, which remained open, exposed the anterior sur- 
faces of the right and left ventricles. The alert workers at the Heart 
Station of the hospital seized the opportunity to make electrocardio- 
graphic studies of the exposed heart. In a series of well-planned and 
well-executed experiments, they ascertained, first, the spread of the 
wave of excitation over the anterior surface of the heart ; and. second, 
the form of- the extrasystoles originating at the various points on the 
sui-faee of the two ventricles. They used the technique of Lewis and 
Rothschild, and employed points analogous to theirs, from which they 
ascertained the time of arrival of the wave. The readings obtained by 
Lewis and Rothschild from points on the ventricular surface of the dog 
heart are consistent with Lewis’ theory of the spread of excitation in 
the ventricles, in that they show that the earliest point of arrival of the 
wave is on the anterior surface of the right, ventricle just over the 
papillary muscle, and that it arrives later over the conus arteriosus 
and at points near the atrioventricular groove in the right and left 
ventricles. 

The readings obtained by Barker, Macleod, and Alexander from 
points g, l>, a, and i (Fig. 4) show that the earliest point of arrival of 
the wave of excitation is near the atrioventricular groove on the right 
\ entriele and over the conus arteriosus, and that it arrives at an ap- 
preciably later time at the “earliest” point of Lewis. 

The Michigan investigators also found that concordant as well as dis- 
coidant extrasystoles could be produced by stimulating both the right 
and left ventricles, and that, in Lead I, all of the chief initial deflec- 
tions from the right ventricle are upward, and all from the left ven- 
tiicle, downward; in Lead ITT the ectopic beats produced by stimulat- 
ing the conus and the area adjacent to it in the left ventricle are up- 
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wardly directed, whereas those from the other exposed regions of the 
heart point downward. 

The factual observations made by Barker, Macleod, and Alexander 0 
were soon verified by other investigators, including Marvin and Oughter- 
son 25 and Lundy and Bacon. 20 • Ivountz, Prinzmetal, Pearson, Koenig, 
and Smith 27 ’ 28 repeated the experiments of Barker, Macleod, and Alex- 
ander on transfused human hearts and on monkey hearts. Their ob- 
servations, too, support those of the Michigan workers. The . St. Louis 
investigators, making the usual transverse cut into the upper part of 
the septum of four transfused human hearts, found that, when the cut 
was made on the left side, the complexes of the common form of bundle 
branch block were traced, and, when made on the right side, bundle 
branch block of the less common type developed. 



Fig. 4. — Time of arrival of wave of excitation in the human heart. (Barker, Macleod, 

and Alexander.) 

Furthermore, Wilson, Macleod, and Barker, 20 in 1931, carefully, re- 
examined the observations upon which Lewis had based his statement 
concerning the levo- and dextrocardiogram and the rotation of the elec- 
trical axis in bundle branch block, and arrived at the conclucion that 
the basic data from which Lewis had made his determinations were 
probably erroneous. By using the second part of the initial ventricular 
complex instead of the first, as Lewis had done, they showed that the 
electrical axis swung from right to left in the common form of bundle 
branch block, so that the movement of the electrical axis was also con- 
sistent with the new theoretical site of the lesion in bundle branch 
block. Fenichel, 30 a year later, published an elaborate and involved 
analysis of the electrocardiogram, and concluded that the electrical axis 
rotated in a manner consistent with the European view of bundle 
branch block. Then, Robb, Easby, and Hiss, 11 in a critical analysis of 
the methods employed in the determination of the electrical axis, stated 
that the basic assumptions employed in its determination were not 
sound. 

The meagerness of our own knowledge of the electrophysics of the 
heart precludes any attempt to evaluate these conflicting observations 
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and conclusions. Perhaps when cognizance is taken of the town of the 
distinct muscle hands of which the myocardium is composed, studies 
like the ones just cited will he more profitable to physiology and 
medicine. 

During this period, evidence had been accumulating from other sorts 
of experimentation which supported the American view that bundle 
branch block complexes of the common form were due to disturbances 
in the left rather than in the right ventricle. 

Eppinger and Rothbcrgcr had noted in, their early experiments con- 
cerning bundle branch block that the injured ventricle “limped after” 
the uninjured; and had been able to demonstrate a slight but detectable 
delay in the pulse wave coining from the injured ventricle. Other in- 
vestigators of experimental bundle branch block had verified their 
observations. "Wolferth and jtfargolies 31 and Braun-Wenendez and 
Solari 98 were able to demonstrate that in human cases there was a 
similar lag. Finally, by employing their serial precordial leads, Wil- 
son, jMaclood, and Barker 33 were able to show that the wave of excita- 
tion appeared late over the left ventricle in the common form of bundle 
branch block and late over the contralateral ventricle in the rarer form. 

Thus, rather clear-cut evidence from various kinds of experimental 
approach strongly supports the view first expressed by Fahr that the 
common form of bundle branch block is due to a lesion on the left side 
of the septum. In spite of this evidence, Katz and Ackerman 3 * as- 
sei’ted that it is not safe 1o make a diagnosis of right- or left-sided 
bundle branch block from the form of the ventricular complex. They 
suggested the terms “common” and “less common” instead of left 
and right bundle branch block, basing their contention on the work of 
Boden and Neukirch, and of Meek and Wilson, which has already been 
reviewed, and on their own experiments on the dog, in which they 
were able to change one type of bundle branch block into the other 
by extreme rotation of the heart. 

Nathanson, 35 Lundy, Treiger, and Davison, 30 and Jvountz, Prinzmetal, 
and Smith 28 also showed that the heart’s position in the thorax influ- 
enced not only the amplitude, but also the direction of the ventricular 
complex. Niehol, 37 who repeated the work of Katz and Ackerman, 
corroborated their findings, but observed that the extreme rotation re- 
quired for the change from one type of bundle branch block to the 
other was possible only under experimental conditions. He, therefore, 
concluded that in human cases of bundle branch block it was safe to 
designate bundle branch block complexes as either right or left. 

The new factual information concerning bundle branch block, se- 
cured mostly by American investigators in the last two decades, ren- 
dei'ed the older classification of bundle branch block complexes inade- 
quate and obsolete. Further attempts were made, therefore, to classify 
bundle branch block complexes into more useful and more logical 
groups. Gray bi el and Sprague 23 (1933) found 395 cases of defective 
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ventricular conduction among 16,000 electrocardiograms. These they, 
arranged into four main groups: 

Group I. Left bundle branch block— common type (125 cases). 

a. Homopliasic type— in which the initial and final ven- 
tricular deflection have the same direction (99 cases). 

b. Heterophasic type— in which the final deflection is 
directed oppositely to the main spike. 

Group II. Eight bundle branch block— less common type (29 cases). 
Heterophasic only. 

Group III. Intermediary type (81 eases). 

QRS, slurred; QRS interval more than 0.1 second; T 
often, but not always, opposite to the main initial deflec- 
tion. QRS is often similarly directed in Leads I and III. 
The authors think these represent incomplete block. 

Group IV. Slight intraventricular block (160 cases). 

QRS, slurred and notched; QRS interval, normal or 
slightly prolonged; T, variable. The authors consider 
this group to represent a transitional or slight block. 

Gravbiel and Sprague found the prognosis similar in all four groups ; 
the average duration of life was one year and two months after dis- 
covery of the abnormal tracings. They concluded that the prognosis 
was not dependent upon the type of ventricular complex, but upon the 
general condition of the patient. 

By employing serial precordial leads, Wilson, Macleod, and Barker 33 
discovered that, in all cases of prolonged QRS interval in which a wide 
S was present in Lead I, regardless of the depth of the S wave and of 
the amplitude and direction of the ventricular complexes in the other 
leads, the wave of excitation appeared late over the right side of the 
heart. They concluded that bundle branch block complexes with a wide 
Si represent right bundle branch block. 

Bayley 39 (1934) critically examined all the available cases in the 
University Hospital at Ann Arbor, Michigan, in which the QRS inter- 
val was 0.12 second or more, and the amplitude at least 0.5 cm. in one 
lead. He thought such cases represented complete bundle branch block. 
Of the 173 cases examined, 103 were found to be complete left bundle 
branch block, and 70, right bundle branch block. Bayley divided the 
cases of right bundle branch block into four groups : 

Group I. With characteristic curves of the less common type of 
bundle branch block (14 cases). 

Group II. Differing from Group I in that the amplitude of the R 
was greater than that of the S (23 cases). 

Group III. With a slender, deep spike in Lead III (28 cases).. 

Group IV; With R absent in Lead III (5 cases). 

Bayley found that no single etiologic factor or any particular kind 
of heart disease was responsible in any of the four groups. 
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In 1930, Freund and Sokolov'" reported an analysis of 2.10 cases of 
bundle branch block which they classified into four main groups: 

Group T. Common type — left bundle branch block. 

a. Homophasie — Graybiel and Sprague (10 eases). 

b. JTelerophasic — Graybiel and Sprague (80 cases). 

Group II. Less common type — complete right bundle branch block. 

a. Bay ley ’s Group I (14 cases). 

b. Bayley’s Grou]) II (18 cases). 

c. Bayley’s Group Til (21 cases). 

d. Bayley’s Group IV (f> cases). 

e. Wilson, Johnston, and Barker’s 41 “rare” type (3 
cases). 

Group HI. Bundle branch block without localization characteristics 
but with a QBS interval of 0.12 second or more (7 cases). 

Group IV. Arborization block — with a QBS interval of 0.1 second 
or more, notching of R, low voltage in all three leads, and 
absence of the typical diphasic curve; also, cases with a 
QBS interval of more than 0.12 second, without distin- 
guishing features (f>0 cases). 

Freund and Sokolov found that- left bundle branch block of the 
homophasie type had the best life expectancy (4.7 years). They also 
found that Group II (a and b) had the average life expectancy for 
the entire series, but that the survival period for Group IT (c) was 
almost twice as long as that for any other type of right bundle branch 
block. In the three cases of the “rare type” of right bundle branch 
block, the condition of the patient was terminal when the electrocardio- 
gram was taken. The prognosis was the worst for the cases that they 
called arborization block (0.45 of a year). 

Finally, Will ins/ 2 who has been interested in the clinical phases of 
bundle branch block for decades, with his collaborators, Beescr and 
Dry, simplified former classifications and recorded life expectancy ac- 
cording to their grouping. 

The Rochester investigators questioned the use of the terms “com- 
plete” and “incomplete” as applied 1o bundle branch block, and, on 
the basis of Yater’s 43 histopathologic study, concluded that the lesions 
in the common type of block occur on the left side, and those in the 
less common, on the right side. They arranged their cases into: 

I. Concordant — the classic form, with the T directed oppositely 
to the main initial spike. 

II. Discordant — the less classic form, with a QBS interval 0.1 sec- 
ond or more, variable amplitude, and the T directed similarly 
to the main initial deflection in Leads I and III. 

III. Bundle branch block of the wide S-wave pattern. 

Of the 1,611 cases studied, 756 were concordant, of which 23 were 
right bundle branch block, and 733, left; 363 cases were discordant; 
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4.92 were of the wide S-wave type. The life expectancy of the thee types 
is graphically shown in Willius ’ illustration. 

The classifications just listed do not appear to dispel the mist which 
surrounds the bundle branch block concept. Perhaps there is no log- 
ical basis for classifying cardiac disorders according to such electro- 
cardiographic patterns. However, there seems to be agreement among 
the various classifiers that the empiric criteria of Carter are no longer 
adequate. ' Most of his imposing list of essential characteristics have 
been dropped. The only criterion that remains is a prolonged QBS 
complex, but, even here, there is no agreement in regard to its length. 
Wilson’s assertion that complete bundle branch block is present when 
the QBS interval is 0.12 second or more is generally accepted, and the 
consensus among American investigators is that the common type of 
bundle branch block complex represents left ventricular lag, and the 
less common, right. But European investigators do not consider the 
evidence brought forth in America as decisive. In fact, Bothberger 
and Goebel 44 state that the evidence presented by Barker, Macleod, and 
Alexander does not support their conclusion. And, since the whole 
bundle branch block concept has an anatomic basis, Bothberger rightly 
holds that the location and extent of the blocking lesion, and that alone, 
should determine whether the block is right or left, complete or incom- 
plete. Since the orthodox conception of cardiac conduction, as well as 
the bundle branch block concept, is based upon anatomic assumptions, 
it follows that the whole bundle branch block concept is dependent 
upon the existence of a specific anatomic structure, the His-Tawara 
system, and upon the presence of demonstrable morbid changes in one 
or the other branch of the His bundle. 

Let us, therefore, next consider the evidence for these assumptions. 
The orthodox concept of cardiac conduction assumes that the myogenic 
atrioventricular bundle begins in dendrite-like muscle fasciculi lying 
among atrial muscle fibers. These gather the wave of excitation from 
the atrial muscle, and shunt it into a compact muscular bundle where the 
cardiac impulse is held insulated from the rest of the myocardium as 
it travels from behind the central fibrous body to the level of the septal 
papillary muscles. Here it bursts with explosive suddenness over the 
entire subendocardial ventricular musculature, whence it travels radially 
through the myocardium. The orthodox theory is based on the assump- 
tion that the myocardium is a syncytium. We wonder how anyone can 
look at the myocardium either microscopically or grossly and still retain 
this conception. To be sure, the branches of individual myocardial 
muscle cells intermingle with one another, but, from the very time in 
embryonic life that the muscle, fibers are differentiated, the individual 
cell borders are distinct, and the fasciculi of muscle fibers within the 
myocardium are surrounded by. connective tissue sheaths as distinct 
as those found in skeletal muscle (Fig. 5). Becently, the gross anatomy 
of the muscle bands which compose the myocardium of the ventricle 
has been meticulously described and profusely illustrated in the articles 
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l>ulil isliefl by I'ubb/’ The M-parnfe vascular supply, as; well nr 
the origin and inserfinn of the muscles revealed in Ilia. specimens 
prepared !>v Kobb, needs- but jo be seen to he appreciated. These 
m vi self: bands have been sn-n for many cetd mil's by the anatomists who 
have looked for them. They may be seen by nuyom- who will take the 
time to remove the visceral pericardium and do a careful direction. 
As is clearly shown by the dissections of Itobb f Fig. (*}, the mnsehsi 
of the ventricular myocardium have their origin ami insertion in the 
fibrous ring which separates the atria from the vcntn<*h-s. All the 
muscles with the exception of the deep htdbospira) are common to both 
ventricles, so that both ventricles function ax one, a fact, brought out 
by Hnrvev more than three hundred yearn ago, AW have already 



shown that large numbers of mm id ion cells are located in tlie atrio- 
ventricular groove near the orient of these muscles. Therefore, until 
it is demonstrated that these miiM-lfs arc* not activated bv the nerve 
elements present at their origin, until it is shown that the wave of 
excitation does not travel alone; the muscle bands in 1 lie heart muscles 
as it does in the skeletal muscles, and until it is disproved that the 
contraction arid relaxation of the muscles of the ventricles do not pro- 
ceed in the same efficient and purposeful manner as is the ease in the 
limh muscles, it seems illogical and unnecessary to assume- that the 
actuation of the ventricle should he wholly dependent upon a micro- 
scopic muscle fasciculus. 

It seems appropriate to sketch briefly the evolution of the anatomic 
basis of the modem concept of cardiac conduction. "When, iri 1 £83, 
&askell < ' noted that the tortoise ventricle continued to beat normally 



GLOMSET ET AL. : MORPHOLOGIG STUDY OP, CARDIAC SYSTEM 363 

after zigzag cuts in the adjoining auricular Trail, lie felt certain that 
he had destroyed all nerve pathways to the lower chamber, and re- 
juvenated the myogenic conception of impulse transmission to explain 
the synchronous contraction of the heart chambers. Around the open- 
ing of the atrioventricular valves, he found muscle fibers which were 
paler and more slender than the rest of the muscle elements, assumed 
that the paler ones were more embryonic than their fellows, and con- 
cluded that impulse conduction was their special function. 




B. 

Pig. 6 . — A and B. Cardiac muscle bands. (Robb.) 


In 1893, Kent 4 ', reported that he had found in man and other mam- 
mals n umerous muscle bridges between the atria and the ventricles in the 
atrioventricular groove; in the same year, His, Jr.« stated that, after 
diligent search, he had discovered in man and other mammals a muscle 
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bundle originating in the atrial septum and extending into the left 
ventricle. But the illustrations of the bundle which accompany His’ 
communication bear little resemblance to subsequent pictures of the 
His bundle. 

In 1906, Tawara, 19 a Japanese pupil of Aschoff, published his famous 
monograph on the cardiac conducting system in mammals. Tawara 
accurately described a part of the Purkinje system in ungulates, and 
noted that the main trunk and the branches of what we have called the 
Purkinje bundle were isolated from the rest of the myocardium by a 
connective tissue covering. Tawara saw with the naked eye a similar 
bundle in man and dog. 

In 1906, Keith and Flack 50 reported that they had examined 160 
human hearts and stated: “In properly prepared hearts the bundle 
is big enough to be found and dissected out by knife and forceps alone.” 

In 1913, Tandler, 51 another pupil of Aschoff, described and clearly 
pictured the His bundle in man. Since that time the His bundle has 
been seen and its gross appearance described by Moenckeberg, 5 - 
Spalteholz, 53 Yater, et al., 51 and others. 

Similarly, the conducting system of the dog has been described as 
almost identical with that of man. Before 1925, all experimental in- 
vestigators of bundle branch block saw the branches of“the His bundle 
through the semitransparent endocardium in the dog. Lewis and Roths- 
child 8 present remarkable drawings of the right and left branches of 
the His bundle and of the entire Purkinje system in the dog. In the 
latest edition of his book, Lewis 35 states that the branches of the His 
bundle can be seen through the endocardium of the dog, although he 
admits that the branches are not distinct. Rothberger and Winter- 
berg’s 5 “drawings from nature” show not only the main branches, but 
also the twigs of the right and left branches in the dog. 

In 1931, jMaluiim 50 published his monograph on the Ilis-Tawara sys- 
tem. In it occurs the astonishing statement that the His bundle in man 
is not visible to the naked eye, that it can be found and followed only 
by means of serial sections, and that every section of the series must be 
saved lest a branch or a lesion be lost (Fig. 7). 

Thus, it appears that, like a new star, the Ilis bundle could be readily 
seen for nearly three decades, after which it suddenly shrank to a 
magnitude not visible to the naked eye! For, from the time of 
Malmim’s monograph until now, we have not encountered in the litera- 
ture any claim by experimental or clinical students of the conducting 
system that they have seen the His bundle or its branches, either in dog 
or in man, with the naked eye. 

Students of the anatomy of the system now stress that it must be 
located and studied by means of serial sections. Not all of them urge 
that each section of the series be studied, but they emphasize that great 
care and almost superhuman skill is required to study the normal His 
bundle and its histopathology. The descriptions of the histologic struc- 
ture of the Ilis-Tawara system as given by Tawara, Hoenckeberg, Lewis', 
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Water, and Mahaim can equally well be labeled descriptions of ordinary 
myocardial fibers ; and tlie 'excellent drawing of tbe histologic structure 
of the left branch of the His bundle in Cohn and Trendelenburg’s 57 
article, and the remarkably clear microphotographs of the bundle 
branches in Mahaim ’s monograph (Fig. 7) are indistinguishable from 
those of the neighboring muscle fasciculi. None of the students of the 
particular muscle fasciculus which is called the His bundle mentions 
the obvious fact that there are literally hundreds of muscle fasciculi 
in the ventricular subendocardium which can be followed with relative 
ease by means of serial sections. Such muscle fasciculi can also be 
separated from their fellows by careful dissection. 



A. B. 

Fig. 7. — The His-Tawai-a system. (Mahaim.) A, Schematic drawing. B, Microscopic 

structure — right branch. 


In the particular muscle fasciculi which have been thought to be the 
branches of the His bundle are to be found the blocking lesions which 
are assumed to be the direct cause of the bundle branch block complexes. 
We, therefore, logically pass to a review of the studies of the histo- 
pathology of tlie branches of the His bundle. 

In order to avoid confusion, the discussion null be limited to the 
histologic observations in the common form of bundle branch block. 
Those in the case of the less common form are similar. It should be 
noted that the observations . listed have been obtained from a study of 
serial sections, and that the individual worker who obtained the in- 
formation stressed the fact that the studies had been done with unusual 
care. The relation of the blocking lesions which were found in cases 
of the common form of bundle branch block to the complexes traced 
by the living heart has been epitomized in Table I. It is clear that, in 
approximately one-fourth of the cases, no blocking lesions were found, 
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tlmt in a little more than one-third of Die cases the blocking lesions were 
found on the left side, and that in the remainder they were on the right 
side. 

Table I 


IfiSTOT.ornc Observations in the Common 


Tver, or Busina; Branch 


Block 


AUTHORS 

NUMBER 

OP 

CASKS 

Kirin r man or 

SKI CUM 

i.EfT siiif. or 
SEPTUM 

Eppinger and Stoorck 

O 

Blocking J .onions 

None 

Colin and Levis 

4 

Xo Blocking Lesion 

Xo Blocking Lesion 

Oppenliciincr and Pardee 

1 

None 

Blocking Lesion 

Oppenheiiner and Opponliciiner 

*1 

•J 

Xone 

Blocking Lesion 

Oppenlieirner and Oppenlieinier 

t 

Slight Fibrosis 

Blocking Lesion 

Taussig 

I 

Blocking J>sion 

Xone 

Maliaim 

7 

Blocking J.esions 

Fibrosis 

Tutor 

O 

•i 

Fibrosis 

Blocking Jysions 

Yalcr 

1 

Xo "Blocking Lesion 

Xo Blocking lesion 

Summation 

23 

10 Blocking Lesions 

8 Blocking Lesions 



5 Xo Blocking 

5 Xo Blocking 



Lesion 

Lesion 


CONCLUSIONS 

Prom ihc reviewed observations the following conclusions appear 
justifiable ; 

3. The common type of bundle branch block complex represents left 
ventricular lag: the loss common type represents lag of the right 
ventricle. The many attempts which have been made to group 
the complexes into logical classes are of scant practical value in 
the diagnosis and prognosis of cardiac disease. 

2. The evidence presented to prove the existence of a special con- 
ducting system is irrelevant and immaterial. 

3. The microscopic areas of fibrosis which have been found in the 
upper part of the interventricular septum in cases of bundle 
branch block hear no causal relation to the grossly abnormal ven- 
tricular deflections that have a prolonged QI1S interval because: 

a. Such lesions are absent in a considerable number of cases of 
bundle branch block. 

b. Vi hen small fibrous lesions are found in either right or left 
bundle branch block, they occur with about equal frequency 
on both sides of the septum. 

4. It is, therefore, apparent that further search should he made for 
the cause of the grossly abnormal complexes which are now thought 
to indicate bundle branch block. 

“NAcmirxKEN” 

In their earliest experiment on bundle branch block, Eppinger and 
Rothbergcr observed that, while the wide diphasic ventricular complexes 
•were being traced, the injured ventricle was dilated and “limped after" 
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tlie contralateral ventricle. This “nachhmken” has been noted by 
practically all experimental observers of bundle branch block. More 
recently, such delayed activation of the ventricle has been demonstrated 
by Wilson, Macleod, and Barker, 33 Wolferth and Margolies, 31 and 
Brann-Menendez and Solari 32 in cases of human bundle branch block. 
It is, therefore, apparent that the so-called bundle branch block com- 
plexes may be the electrocardiographic manifestation of a “failing” 
right or left ventricle ; if so, any factor or factors which can produce 
this unilateral lag may be responsible for bundle branch complexes. 

Many excellent studies of human bundle branch block have been 
reported: Carter, 10 Oppenheimer and Rothschild, 1 ' 1 Willius, 58 Herrick 
and Smith, 09 and Hill. 00 There is striking uniformity in the clin- 
ical observations made by these investigators. It is apparent that 
human bundle branch block complexes are traced by sick hearts. (The 
bundle branch block complexes with a short P-R interval are not in- 
cluded in this discussion because the nature of these is different from 
that of the others.) The factors which have crippled the hearts in 
cases of bundle branch block are identical with those which lead to 
cardiac failure, with or without these abnormal electrocardiograms. 
Thus, when bundle branch block complexes are obtained in the young, 
they are found in connection with congenital defects, hyperthyroidism, 
or infections of the heart ; after the age of 40 years, they are associated, 
as a rule, with hypertension, coronary atherosclerosis, or a combination 
of these conditions. Therefore, it occurred to us that the same factors 
might bring about bundle branch block complexes whenever they pro- 
duce failure in one ventricle while the other is relatively normal. Out 
of these considerations grew the following working hypothesis: 

Bundle branch block complexes are caused by: 

a. abnormal unilateral strain. 

b. unilateral ventricular coronary insufficiency. 

c. a combination of (a) and (b). 

In our next communication we shall present the evidence that we 
have obtained pertinent to this hypothesis. 
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STUDIES ON UNIPOLAR LEADS 

IV. Tin-: Eitkcts oi* Djoitams 
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IXTitODKCTIOX 

F OR the past three years we have been conducting studies on the 
use and application of unipolar leads, particularly augmented, uni- 
polar, extremity leads (aV- leads). In several previous publications, 
the principles and patterns of these leads have been described, 1 * 2 as 
well as characteristic patterns with myocardial infarction when stand- 
ard lends are normal. 2 * s 

We felt that this advantage of aV- leads in detecting minimal elec- 
trocardiographic changes might he put to further use in the study of 
other factors affecting the electrocardiogram. 

In this paper, our observations on the effects of digitalis on aug- 
mented unipolar extremity leads and on unipolar precordial leads are 
described. 

MATKIUAh A XI) MKT HOD 

Although we have on file unipolar records of over 3,000 patients, of 
whom 500 had been digitalized, for this study we selected and observed 
21 eases, both before and after digitalization. Of this group, five had 
normal hearts, four had rheumatic heart disease, six had hypertensive 
cardiovascular disease, three had abnormal electrocardiographic pat- 
terns without a history of heart disease (eases of severe secondary 
anemia due to duodenal ulceration), and three were convalescing from 
recent attacks of myocardial infarction. The acute attack in each of 
these eases had occurred approximately five weeks previously. None 
of these patients had ever received digitalis. 

Routine digitalization was produced with tablets of powdered Digi- 
iahs purpurea in the following way: G grains were given every eight 
hours for three doses, then 3 grains a day for four days. 

Electrocardiograms were taken a few hours before digitalization and 
nve days later. In all these cases there was a previous electrocardiogram 
taken before the start of the experiments. Comparison of this with 
the control electrocardiogram showed, in all cases, no change. 

Seven leads were taken. First, the three standard leads. Then, us- 
ing the author’s indifferent electrode of zero potential, 1 aV- loads 1 and 
a unipolar precordial lead, \ 4 , with the electrode at the fifth intercostal 
space in the midclavicular line, were taken. 1 * 4 All records were taken 
with the patients recumbent. 

In this study we were not interested in the effects of minimal doses 
of digi talis on the electrocardiogram. 
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RESULTS 

A. Unipolar Extremity Leads : 

1. P Wave and P-R Interval— No characteristic changes in the size 
and shape of the P wave were noted. The P-R interval was, for the 
most part, not affected by the amount of digitalis used. Occasionally 
a lengthening of the P-R interval was noted. 

2. QRS Interval. — No change in the duration of the QRS interval 
was noted. 

3. Amplitude of the QRS Complex. — There was no constant pattern 
of change in the amplitude of the QRS complex; in one lead the ampli- 
tude might be larger, and, in another, smaller than before digitalis ad- 
ministration. However, since the amplitude of QRS in unipolar ex- 
tremity leads varies directly with the electrical axis of the body, 2 we 
thought it might be interesting to ascertain whether there was any shift 
of the electrical axis. We therefore calculated the changes in the elec- 
trical axis of the heart directly from the aV- leads. 5 

In this series of cases, the average change in angle a- was +5°. In five 
of our records, no appreciable change was noted. In one ease, there was 
a change of -5°. Changes as high as +15° C. were observed in four 
records. 

4. The Q-T Interval. — In ascertaining the effect of digitalis on the 
Q-T interval, recourse was made to the formula of Frederick, 0 namely, 
Q-T — 8.22 3 VR-R* in which the Q-T interval is described as a func- 
tion of the ventricular rate. 

The Q-T values were calculated as follows: First, the theoretical 
value was calculated by Frederick's formula. This was compared to 
the actual value, read directly from the electrocardiogram. The rela- 
tion of the actual to the theoretical Q-T value was then expressed as a 
percentage. This procedure was carried out with the records taken 
both before and after digitalization. This permits comparison of the 
two percentages. In Table I, these values are given for the cases illus- 
trated. 

Without exception, the Q-T interval was shortened, proportionately, 
more than could be expected from any change in ventricular rate. In 
fact, since slowing of the rate was the usual occurrence, lengthening 
of the Q-T interval would have been expected from the formula. 

5. The RS-T Segment and the T Wane.— After the administration of 
digitalis, the RS-T segment and the T wave of the aV- leads always 
tend to deviate in the direction opposite to that which T originally had, 
irrespective of the characteristics of the electrocardiogram. Generally* 
this is also in the direction opposite to that of the main ventricular 
complex. 

The following is a description of these changes in more detail in a 
case < Pi S- 1) : If T is originally (+), the ES-T segment, begin- 

TI,S“ “™" Ssea ot hundredths ot a 
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Tabjj: I 

The Q-T Interval Before and After Digitalization* 


CASE 

NUMBER 


ACTUAL 

Q-T 

INTERVAL 

(SEC.) 

VENTRICULAR 

RATE 

R-B 

INTERVAL 

(SEC.) 

PERCENTAGE 
OF FORMULA 
O-T — 8.22 SVR-R 
(%) 

700 

before 

.02 

88 

.61 

97.0 


after 

.28 

75 

.80 

79.1 

741 

before 

.38 

68 

.88 

107.2 


after 

.06 

60 

.83 

94.7 

702 

before 

.42 

55 

1.04 

108.6 


after 

.36 

59 

1.01 

94.1 

700 

before 

.06 

60 

1.00 

109.1 


after 

.02 

60 

1.00 

96.7 

721 

before 

.42 

75 

.80 

119.0 


after 

.02 

75 

.80 

90.0 

740 

bef ore 

.06 - 

60 

3.00 

94.6 


after 


JB|B 

.92 

75.0 

740 

before 

‘‘ HI yjj , B 


.80 

101.1 


after 

■1 


.76 

97.7 


•For details kw i> text. 


ning slightly below the isoelectric line, slants obliquely in a (-) direc- 
tion and fuses with T, which has completely changed its own direction 
and is now also (-). There is then an abrupt rise to the isoelectric 
line. If T is (-), the reverse conditions hold. 

These changes may or may not be apparent in all three aV- leads. 
Furthermore, the RS-T slope is often not so oblique, and may have a 
gentle curve downward (Fig. 4, aVf lead), or a gentle upcurve (Fig. 
7, aVf lead). When minimal changes arc present, the only evidence 
may be a decrease in the amplitude of T. This occurs irrespective of 
whether T had originally been (~) or (-) (Fig. 5, aVf Lead; Fig. 2, 
aVl lead). 

As was just mentioned, these changes were found in the electrocardio- 
grams of both normal and abnormal hearts, except that, in our three 
cases of recent myocardial infarction, the changes were minimal and 
consisted for the most part of slight diminution of the T wave. In 
one ease there was a reversal of T. 

When the changes in the aV- leads are compared with those in the 
standard leads, the results are very interesting. 

In Case 702 (Fig. 3), the standard leads showed a diminution of 
the T wave, whereas the aV- leads not only showed this, but, in the 
aVl lead, there was complete reversal of the direction of T, which be- 
came (+) after being deeply (-). 

In Case 706 (Fig. 4), again, there was only a slight decrease in the 
amplitude of T in Leads I and II. whereas, in the aVf lead, T became 
(-) instead of (-). 

In Case 740 (Fig. 6), the patterns of left ventricular preponderance 
showed but little evidence of any digitalis effect, whereas, in the aVf 
lead, T changed from (+) to (-). 
























female, 43 years of age, rheumatic heart disease, mitral insuffi- 
ciency and stenosis. 

Fig; 3. Case 702, male, 33 ye<irs of age, bleeding duodenal ulcer, secondary 
anemia. ” 

Fig. 4. Case TOG, male, 51 years of age, normal. 

Fig. 5. Case 721, male, 50 years of age, bleeding duodenal ulcer, secondary 
anemia. 
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Also, in Case 749 (Fig. 7), another example of left ventricular pre- 
ponderance, the T of the aVf lead, showed a very definite change from 
(-) to (p) polarity, although the standard leads before and after digi- 
talization were quite similar. 

B. Unipolar Precordial Leads: The P wave, P-R interval, QRS 
interval, and Q-T interval were the same as in aY- leads. 

aVi . aVr aVf V* I II . Ill 



Pig. 6.— -Case 740, female, 47 years of age, hypertension. 
Pig. 7 . — Case 749, female, G3 years of age, hypertension. 


. 1. Amplitude- of the QRS Complex . — No characteristic change in the 
amplitude of QRS in the precordial leads was noted. In many of the 
records there was a slight decrease. 

2. Th c RS-T Segment and T Wave.— In precordial leads, digitalis al- 
ways causes the ES-T segment and T wave to move in a downward 
(negative) direction. If the ES-T and T are originally directed down- 
ward, as m cases of ventricular preponderance, the only effect is that 
tlrn angle at which the ES-T segment becomes ’(-) is made tore a c^ 

in a decrease of the amplitude^ 
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effect, the RS-T segment, beginning below the isoelectric line, runs 
obliquely downward, fuses with the (-) T, and sharply rises to the 
isoelectric line (Pig. 1). The slope of the RS-T may he straight (Fig. 
1), or may have a gentle downward curve (Fig. 2). 

3. The TJ Wave . — The U wave, usually not conspicuous, was present 
in the precordial leads in seven of our cases. The effect of digitalis 
on the U wave was as follows: in three there was no change, in two, 
there was a slight, diminution in the amplitude of U, and, in two cases, 
XT became (-) instead of (•••) (Fig. 5)-. 


DISCUSSION 

Our results compare favorably, in so far as they can he compared, 
with those reported in the literature for the standard and ordinary 
precordial leads. There have been conflicting reports concerning the 
effect of digitalis on the amplitude of the QRS in standard leads. 7, * 
Our data, showing that there is a change in the electrical axis, probably 
explain this. 

The decrease in the Q-T interval is generally regarded as a manifesta- 
tion of digitalization, 8 although this, too, has been questioned, 0 and 
inversion of T and the depression of the RS-T segment were described 
many years ago. 10 ' 11 

With respect to the effects of digitalis on precordial leads, although 
varied changes have been described, such as raising or lowering of the 
RS-T segment and increased or decreased T waves,? 2 our results are 
similar to those currently accepted. 53 

CONCLUSIONS 

We find that the effects of digitalis on the unipolar leads of the 
electrocardiogram are quite constant, and occur irrespective of the 
nature of the cardiac condition or of the previous electrocardiographic 
pattern. 

In augmented unipolar extremity leads (aV- leads), both the RS-T 
segment and the T wave tend to deviate in a direction opposite to that 
in which T was previously directed. Thus, if T had been ( x ), the 
direction of deviation is (— ), and vice versa. When this is marked, 
RS-T moves obliquely downward or upward, as the ease may be, fuses 
with T, and then abruptly runs to the isoelectric line. Along with these 
changes, there may be an increase in the P-R interval, a decreased Q-T 
interval, and a slight shift in the electrical axis of the heart, usually in 
a clockwise direction. Minimal T changes consist in merely a decrease 
in amplitude. 

It was also observed that, in cases in which the standard leads 
showed only inconstant or no changes, in one or more of the aV- leads 
a characteristic and definite reversal of direction of T was observed. 
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In unipolar precordial leads the changes were similar, but the direc- 
tion of deviation was always in a (-) downward direction. A decrease 
in the amplitude of U may also be observed, and also a reversal of its 
polarity. 
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THE EFFECT OF CHRONIC CORONARY SINUS OCCLUSION ON 
THE VASCULARITY OF THE DOG’S MYOCARDIUM 


Victor Border, M.D., axi> Albert J. Greenberg, M.D. 
Minneapolis, Minx. 

I N THE search for effective therapeutic measures against coronary 
disease, attention has turned in recent years to surgical procedures 
aimed at providing the heart with an additional blood supply from 
extracardiac sources. 

In 1935, Gross and Blum 1 demonstrated by an injection and roentgen- 
ographic technique that occlusion of the coronary sinus produced an 
augmentation of the intrinsic arterial vascular bed. In dogs with pre- 
vious coronary sinus occlusion, the incidence of infarction after liga- 
tion of the left anterior descending coronary artery was reduced. 

Gross, Blum, and Silverman, 2 in subsequent experiments, found that 
the mortality after ligation of the left anterior descending coronary 
artery was reduced by previous partial coronary sinus occlusion, but not 
by total sinus occlusion. The size and frequency of infarction was 
reported to he diminished, and the arterial vascular bed enlarged, in 
hearts with partial sinus occlusion. 

Electrocardiographic observations made after sinus occlusion yielded 
transient abnormalities which were ascribed by Gross and his co-workers 3 
to myocardial ischemia due to venous congestion. The dilatation and 
cyanotic appearance of the left ventricle after obturation of the coronary 
sinus is in consonance with this view. 

The experiments to be described were undertaken in order to ascer- 
tain whether or not the augmentation in the coronary arterial bed which 
has been noted within a period of several weeks after coronary sinus 
occlusion persists over a period of years. 

METHODS 

Adult mongrel dogs were anesthetized by giving nembutal intraperi- 
toneally (25 mg. per kilogram). The surgical approach to the sinus 
was essentially that employed by Gross and his co-workers . 2 ’ 4 Vro- 
caine solution, applied to the surface of the heart as described by 
Mautz/ eliminated cardiac irregularities produced by manipulation. A 
method of sinus closure w r as used which, it was hoped, w'ould be grad- 
ual and progressive, and circumvent the effects of complete and sudden 
ligation. Although it was subsequently shown by Beck 0 that the high 
mortality after ^complete coronary sinus ligation in normal dogs ob- 
served by Gross 2 need not occur, this gives no assurance that a heart 
already impaired by coronary disease could survive the immediate dele- 
terious effects of acute venous stasis. 

Minnesota 11 ’ 6 ■ Dep:irtmRnt ° r Physiology, University of Minnesota, Minneapolis, 
Received for publication Sept. 3 . 1943. 
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Accordingly, tlie coronary sinus was picked up gently in an Allis 
forceps at a point about 1 cm. from its entrance into the right atrium. 
A second Allis was then placed as completely around the sinus as pos- 
sible. A small, e-shaped, metal clip, about i/ 8 inch in width, and large 
enough in circumference to fit around the sinus and , peri sinus fat, was 
grasped in a Koeher’s forceps and slipped around the vessel just at the 
side of the Allis forceps near the entrance of the sinus into the right 
atrium. The ends of the clip were serrated to prevent slipping. After 
being placed around the coronary sinus, the clip was compressed until 
the sinus beyond the clip just began to bulge. The pericardium and 
chest were then closed. 



Six animals were prepared in this fashion. One died of a wound 
infection on the seventh postoperative day, and one of distemper on the 
twelfth day after operation. The other four survived, and were in 
good health when sacrificed three years later. The simplicity of the 
procedure is indicated by the absence of mortality due to the operation 
itself m the first six animals so treated. 

After a period of three years, the animals were anesthetized with 
ether, and the hearts were excised widely in order to leave the atria in- 
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tact, and then injected, dissected, and roenlgenographed in a manner 
essentially similar to that described by Sehlesinger, 7 except for the injec- 
tion. In the method used, the injection mass was introduced via the 
aorta, rather than the coronary arteries, for this was found to be simpler 
and more dependable; the right coronary artery frequently arises by 
multiple ostia, and is difficult to cannulate in the dog. 

The aorta was cannula! ed under saline, care being taken to prevent 
the entrance of air into the system. The coronary arteries were then 
flushed with warm Ringer’s fluid to remove the blood. After this, the 
heart was suspended in a saline bath at 45° 0., the tube from the 
Ringer’s fluid reservoir was damped, and a side arm leading to the 
flask containing the injection mass was opened. The injection mass 
was then introduced as indicated in Fig. 1, in which a diagram of the 
method of injection is presented. A pressure of 350 mm. Hg was main- 
tained during the injection and for a period of several minutes after 
the mass had ceased to move forward. Then the short segment of rub- 
ber tubing just above the aortic cannula was clamped and disconnected 
from the system, and, while pressure was still being maintained in the 
aorta, the heart was placed in the icebox until the injection mass had 
set. The procedure from this point forward was carried out as indi- 
cated. 7 

Nine control hearts were prepared in addition to the four experi- 
mentals. 

Besides the roentgenograms, microscopic sections were made from the 
left ventricles of the control and experimental hearts, and the coronary 
sinuses in the experimental hearts were carefully dissected. 

RESULTS 

Of the four experimental hearts, only one showed a completely oc- 
cluded sinus. The degree of closure was estimated at 30, 50, and 90 
per cent in the oilier three hearts. In those with 30 and 50 per cent 
occlusion, the clips had not limit, symmetrically on compression, and 
therefore did not completely surround the sinus. Although they occu- 
pied approximately the same position with relation to the vessel, there 
was an obvious difference in the degree of occlusion; this was probably 
accounted for by the difference in the material from which the clips 
were made. That on the more patent sinus had been made of silver, 
whereas all the others had been fashioned by cutting stainless skin 
clips down to size and bending them appropriately. This latter material 
apparently called forth a more marked connective tissue reaction than 
did the silver. 

Thus, fortuitously, a series ranging from slight to complete closure 
of the coronary sinus was obtained. Examination of the roentgenograms 
of the injected specimens in no ease showed augmentation of the arterial 
bed when compared with the controls. (In making the comparison, the 
number of small vessels visualized served as the criterion.) Indeed, 
the experimental specimens, as a group, appeared definitely less vas- 
cular than the controls, as a group, although there were less vascular 
hearts in the control group with which those which showed only partial 
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sinus occlusion compared favorably. This was not true, however, of the 
specimen with complete sinus occlusion, in which the least vascularity 

was demonstrated. 


I 



Fig. 2. 


"Within the experimental series itself, the vascularity appeared to 
vary inversely with the degree of obturation of the coronary sinus. Al- 
though the method, as a quantitative measure of the coronary bed, 
leaves much to be desired, and although it cannot be said with certainty 
that, the differences here noted are not due to some unrecognized sys- 
tematic discrepancy, there can be no doubt that so considerable an aug- 
mentation of the coronary arterial bed as that demonstrated by Gross, 
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et ill., 1 ’ * after recent coronary sinus occlusion could not. have been 
missed by this procedure, and certainly did not exist in these specimens. 

Reproductions of the roentgenograms of the four experimental hearts 
and three of the controls are presented in Figs, 2 and 3. Observations 
on the experimental hearts are summarized in Table i. 


T.usu: I 


HEART 

rum an: 

Monr.K or sixes 
ora.aKioN 
('/«) 

i-.or.:;T<',vxo<mM'HK: nn.vtnx jiersity 

AI’I’KAUAXCK or or THE VASCt.’IAE 

vAseej.Au uf:i> m»* 

1 

3 i) 

Comparable lo leys vut-cultir ■»-+•<• 

control hearts' 

2 

!'() 

Corn para hie to )c,-k va-etilur f- 

eontrol heart* 

3 

30 

Comparable to moderately -f 

vas<‘ul;tr control heart « 

-1 

111(1 

Not tit- vascular tip tie* )<-a.-t -- 

vascular control licor* 


•As roiniinrcd In (hr- other oxjxriirn-ntnl hearts. 



KJk. 3. 

It may be observed that all the hearts shown in the figures (and this 
is true of all the specimens studied) are of the type with a predominant 
left coronary artery, previously described by .Schlosinger 1 as typical in 
the dog. 

Finally, it should be staled that careful study of the microscopic 
sections made from the control and experimental hearts showed no 
demonstrable differences. 
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DISCUSSION 

Reports made available since the present study was undertaken 
lend some support to the observations just described. Gregg and Ins 
co-workers 0 ’ 10, 11 have shown that the backflow from a ligated coronary 
artery peripheral to the point of ligation is considerably above the nor- 
mal if the coronary sinus is ligated simultaneously. However, retro- 
grade flow is only slightly increased if coronary sinus ligation is car- 
ried out thirty days prior to arterial occlusion. Sinus occlusion, how- 
ever, was found to influence favorably the mortality from arterial occlu- 
sion. 

Beck 0 also found a definite decrease in the mortality rate after 
coronary artery occlusion if the coronary sinus is also ligated. He 
reported, however, that the beneficial effect of venous ligation is least 
when vein and artery are closed at the same operation, that it is greatest 
when carried out six weeks prior to ligation of the artery, and de- 
creases again when a longer interval (four months) elapses between 
the two procedures. Beck, unlike Gross, et al ., 1 ’ 2 always found infarcts 
after arterial occlusion, but judged them to be smaller in size when 
sinus ligation had been done previously. 

Obviously, before coronary sinus closure can be finally evaluated as 
a protective measure against arterial occlusion, the mortality, induced 
by the latter procedure when it is carried out one or more years after 
the former, must be ascertained. 

The observations recorded to date lend slight support to the sug- 
gestion that coronary sinus occlusion might be of value as a therapeutic 
procedure in coronary disease by permanently increasing the basic 
vascular bed. 

SUMMARY 

Dog hearts, after three years of graded coronary sinus occlusion, 
varying from slight to complete closure, did not exhibit the augmenta- 
tion of the coronary arterial bed which has been demonstrated by others 
within a period of days to weeks after obturation of this vessel. On 
the contrary, myocardial vascularity appeared reduced, if anything, 
as a result of this procedure. 


REFERENCES 

1. Gross, L., and Blum, L. : Effect of Coronary Artery Occlusion on Do°-’s Hear! 

With Total Coronary Sinus Ligation, Proc. Soc. Exper. Biol. & Med *32: 157S 
1935. 

2. Gross, L., Blum, L., and Silverman, G.: Experimental Attempts to Increase tlic 

Blood Supply Heart by Means of Coronary Sinus Occlusion, 

J. Exper. Med. 65: 91, 1937. 

3. Gross, L., Silverman, G., and Master, A. M.: Electrocardiographic Changes Fob 

lmvmg Coronary Sums Occlusion in the Dog’s Heart, Am. Heart J. 11: 734 : 

BI T , 1&Sfc&:K 2 ,% te ° £ Coronary Sh» Ligation, 

5. Mautz, F R.: Reduction of Cardiac Irritability by the Epicardial and Svst p,™ 

' t™mo VmSS “ a Pr0t “ ,i0n Cardiac 11 ^?!-, “ d KS 



384 


AMKIUOAN IlKAUT .IOUUNA! 


Bai-.lc, 0, 8.: Kntnnil awl Artificial Collateral Circulation in tin: J I curt, Blood, 
Heart and Circulation, Bam-neter, 1050, Science Press Printing Company, p, 

1 *»*i 

*t O* 

7, Sehlosinper, M. .1.: An Injection Plus I JIeso*-t i r>n Study of Coronary Artery 
Occlusions and Anastomoses, Am. 1 1 n.M:T .1, 1.0: 021?, 1 0.'tx. 

S. Schle.siiijrer, M. J.: iSipnifiennl Variations in the Anatomic Pattern of the Coro- 
nary Vessels, Blood, Heart, and Circulation, Lancaster, 1010, Science Pre«« 
Printing Company, p. <1J. 

9. Ore/rg, IX E., ami Bctvnld, IX: Immediate Effect* of Coronary Sinus Elution 
oil JJvniuiiiea of Coronnrv Circulation, Proc. Roc. Kxper. Biol. & Med, 39: 
"02, 1038. 

10, (irejjjj, IX E., nni] Dewnld, 1),: The Immediate Effects of the Orelnrion of the 
Corotmrv Veins on Collateral Blond Plow in the Cotonarv Arteries, Am. J. 
Physiol.’ 32-1: -Bio, I.O.'JS. 

11, Thornton, .1. J., and G rejig, 1). 12.: Effect of Clironi c Cardiac Venous Occlusion 
on Coronarv Arterial and Cardiac Venous Hemodynamics, Am, .1. Physiol. 128: 
170, 11)39.’ 



PERICARDITIS ASSOCIATED WITH PRIMARY 
ATYPICAL PNEUMONIA 

Lieutenant David Finkelstfjn, M.C., and 
Captain Max J. Klainer. M.C., Army of the United States 

A SURVEY of the admissions to the cardiovascular section of the 
Schick General Hospital has revealed a small group of cases of 
pericarditis which did not conform with any accepted etiologic classifica- 
tion. Upon reviewing these eases, it was found that all the patients had 
a concomitant or antecedent primary atypical pneumonia. A survey 
of the available literature revealed reports of isolated cases of peri- 
carditis after upper respiratory infections, 1 ' 3 hut failed to disclose any 
report of pericarditis associated with primary atypical pneumonia. It 
was thought, therefore, that it would be of interest to report three such 
cases which have been under our observation. 

CLINICAL COURSE 

These three patients were men, and ranged in age from 19 to 27 years. 
Each illness began with an upper respiratory infection, characterized 
essentially by fever, sore throat, cough, and a valuable, degree of ex- 
pectoration. Within a few days, when these patients appeared to have 
fully recovered, they suddenly developed an exacerbation of their symp- 
toms, associated with pain in the anterior part of the chest which was 
aggravated by deep inspiration. In two of the cases, teleoroentgeno- 
grams taken at this time showed, areas of pneumonitis interpreted as 
primary atypical pneumonia. The clinical course of the third patient 
was similar, but definite roentgenologic evidence of pneumonitis did 
not appear until six weeks later, although prominent hilar shadows 
and increased bronchovascular markings were present throughout this 
period. Roentgenologic evidence of pneumonitis persisted from twenty- 
seven to ninety-eight days. In all the cases, at some time during the 
course of the pneumonia, clinical signs of pulmonary disease, consisting 
primarily of moist rales over the involved areas, were detectable. As 
has been noted previously in primary atypical pneumonia, 4 the roent- 
genologic evidence of pneumonitis was more extensive than was suspected 
from clinical examination. At the onset of the pneumonitis a leuco- 
cytosis ranging from 15,000 to 18,000 was present in all three cases. The 
differential count was not remarkable* Blood cultures and typing of the 
sputum for pneumococci were negative in all the cases. Throat cultures 
failed to reveal any specific bacterial organisms. Urinalyses and Kahn 
tests were consistently negative. Sedimentation rates were not ascer- 
tained at this time. 

Received for publication Sept. 20, 1943. 
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The interval between the onset of 11) e upper respiratory infection and 
appearance of the pericarditis ranged from seven to forty-one days. The 
pericarditis was ushered in by an increase in the pulse rate in all cases 
from a previous level of 75 to 90 per minute to a range of 100 to 130 
per minute, accompanied by a rise in temperature of 1.5° to 2° F. The 
respirations showed little change. In two cases a pericardial friction rub 
was audible at the onset; in one case the friction rub was audible for 
two days, and in the second case it was present for seven days. Typical 
electrocardiographic changes of acute pericarditis appeared simultane- 
ously. In the other ease no pericardial rub was detected and the diag- 
nosis was made only by serial electrocardiograms. In the two eases in 
which a friction rub was audible, pain was present in the left anterior 
part of the chest, and, in one, this was associated with pain in the 
left shoulder. There was no significant alteration in the blood pressure 
during the course of the pericarditis. The clinical appearance of the 
patients during the period of pericarditis was variable. Two patients 
became apprehensive as the result of consciousness of a rapid heart rate. 
The remaining patient (.T. H. B.) was more acutely ill and toxic. At 
no time were any of the patients in a critical condition. 

The leucocytosis, which was present at the time of the pneumonitis, 
had begun to subside. With the onset of pericarditis, the leucocyte 
count increased from an average of 12,000 to 15,500. In two of the 
three cases, the sedimentation index was increased during the course of 
the pericarditis. At the onset of the pericarditis, the electrocardiogram 
in two of the three cases showed R-T elevations in the limb leads and 
Lead IV F which were consistent with the acute stage. In the third 
case no tracing was taken during the acute phase. The duration of this 
period varied from seven to fifteen days. In all three cases, the sub- 
acute pattern was present, which was characterized by T-wave inversion 
in some or all of the standard leads and Lead IV F. This subacute 
stage lasted from thirty-four to sixtv-eight days. In all the cases, with 
the healing of. the pericarditis, the R-T segments became isoelectric 
and the T waves, upright. Serial roentgenograms of the heart revealed 
enlargement of the cardiac silhouette in only one ease. This amounted 
to 14 per cent, and it disappeared in twenty-seven days. 


CASE REPORTS 

Case 1. — H. A. II. aged 19 years. The familv and past history were 
noneontributory. On February 21, 1943, the patient was hospitalized 
with a sore throat, headache, cough, and chilliness. On admission his 
temperature was 102°, his pulse rate was 120. and the respiratory rate 
uas 24. The pharyngeal structures were deeplv injected. The re- 
mainder of the physical examination was not remarkable. He appeared 
to improve, but Feb. 27, 1943, he developed fever, pain in the chest, and 
cough, and roentgenologic studies at this time revealed patchy infiltra- 
tion in the lower anterior pari of the left upper lobe; this was inter- 
preted as primary atypical pneumonia (Fig. 1). The leucocyte count 
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at this time was 14,000. Within three days the patient improved and 
became afebrile. On March 1, 1943, the patient again eomplamed of 
pain in the left anterior part of. the chest, and developed a temperature 
of 102.6° and a pulse rate of 110. A pericardial friction rub was 
audible at this time and persisted for two days. The temperature be- 
came normal in forty-eight hours. The leucocyte count rose to 16,350 ; 
the differential count was not remarkable. The electrocardiogram on 
March 1, 1943, revealed R-T elevation diagnostic of the acute stage of 
pericarditis (Fig. 2). This persisted until March 16, 1943, when the 
subacute stage, characterized by T-wave inversion in Leads I and IV F, 

- appeared. The electrocardiogram returned to normal on April 19, 
1943, giving a total duration of fifty days of graphic evidence of peri- 
carditis. Roentgenologic evidence of the pneumonitis persisted until 
June 5, 1943, or a total of ninety-eight days. The sedimentation rate 
was elevated until May 20, 1943. Sputum examination for pneumo- 
cocci, throat cultures for specific bacterial organisms, and blood cultures 
were negative. 

A. B. C. 



Fig-. 1. — Case of H.A.H. A, Roentgenogram taken Feb. 28, 1943, illustrating infil- 
tration of the left hilum and the lower portion of the left upper lobe. B, Roent- 
genogram taken March 16, 1943, illustrating further spread of the pneumonitis. C, 
Roentgenogram taken June 5, 1943, illustrating complete resolution of the pneu- 
monic process. 


Case 2. — P. E. J., aged 27 years. The family and past historv were 
noncontributory. On Feb. 10, 1943, this patient developed an ' upper 
respiratory infection. His symptoms persisted, and hospitalization was 
necessary on March 9, 1943. On admission his temperature was 104.2°, 
his pulse rate, 120, and his respiratory rate, 26. Except for injection of 
the pharynx, the physical examination was negative. A roentgenogram 
of the chest revealed patchy areas of pneumonitis in both lower lobes, 
more marked on the left ; this was diagnosed as primary atypical pneu- 
monia (Fig. 3). The leucocyte count was IS, 300. with a normal dif- 
ferential. The patient appeared to improve, and, by March IS, 1943 
he was afebrile and the leucocyte count had fallen to 11,650. On 

?k U -i C in ^ le P lI ^ se rate increased from a previous level of 90 

to, 120 Within twenty-four hours it rose to 140, and there was an 
associated rise m temperature from 98.6° to 100°. At the same time 
the patient complained of weakness and palpitation. He remained 



subacute stage, with T-wave inversion In Leads I ami IV F. (7, The healed stage, with return oC the EC(« to normal. 
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febrile for four clays. . An electrocardiogram, taken March 30, 1943, 
showed inversion of the T waves in the standard leans and Bead 1\ . 
which was compatible with the diagnosis of pericarditis in the subacute 
stage (Fig. 4). The leucocyte count during this period rose to 15,ooU, 
and the sedimentation index was increased. Electrocardiograms were 
taken at frequent intervals, and did not become normal until June 7, 
1943, making a total of sixty-eight days of electrocardiographic evidence 
of pericarditis. At no time during the illness was a pericardial fnc- 
tion rub audible. Roentgenologic evidence of pneumonitis persisted for 
twenty-seven days. Sputum examination for pneumococci, throat cul- 
tures for specific bacterial organisms, and blood cultures were negative. 


A. B. 



Fig. 3. — Case of P.E.J. A, Roentgenogram taken March 22, 1943, illustrating 
areas of pneumonitis in both lower lobes, more marked on the left. B, Roent- 
genogram taken in April, 1943, illustrating complete resolution of the pneumonic 
process. 


Case 3. — J. H. B., aged 27 years. The family and past history were 
noneontributory. On April 5, 1943, the pal ient was hospitalized because 
of mumps. One week later, while his symptoms and signs were sub- 
siding, he developed cough, with expectoration of mucus, associated 
with a sharp rise in temperature to 102°. The pulse rate was 100 and 
the respiratory rate was 22. Physical examination was negative except 
for an injected pharynx. The leucocyte count at this time was 13,850. 
On April 19, 1943, he complained of severe substernal pain aggravated 
by deep inspiration and accompanied by pain in the left shoulder. At 
this time a pericardial friction rub was audible and persisted for one 
week. The temperature rose from a previous level of 101° to 103.8°, and 
the pulse rate increased from 65 to 105. The leucocyte count rose to 
16,450, and the sedimentation index was normal. The electrocardiogram 
on April 20, 1943, revealed R-T elevation in Leads I, II, III, and IV F 
which was consistent with the acute stage of pericarditis (Fig. 5). A 
chest roentgenogram did not show any definite evidence of pneumonitis 
at this time. The electrocardiogram showed abnormalities characteristic 
of pericarditis until July 6, 1943, making a total duration of seventv- 
nine days for the period of pericarditis. Frequent roentgenograms of 
the chest were taken, and, although the hilar markings showed increased 
prominence, definite pneumonitis was not apparent until June 6, 1943 
(Fig. 6). Boentgenologic evidence of pneumonitis persisted until 
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Aug. 5, 3943, or a total of sixty days. Sputum examinations for pneu- 
mococci, throat cultures for specific bacterial organisms, and blood cul- 
tures were negative. 



Fjg. 6. — C:iso of J.II.B. A. Roentgenogram taken April 20, 194%, illustrating in- 
creased bronchovascular markings in the right hilar area. IS, Roentgenogram taken 
- I 2 ' 1943, illustrating pneumonitis in the hilar region and the periphery of the 

right lung. 

DISCUSSION 

It is thus apparent that pericarditis may occur in association with 
primary, atypical pneumonia. Clinically these patients present a 
paucity of symptoms and signs, and the diagnosis depends in large 
measure on changes in the electrocardiogram. A pericardial friction 
rub, which is diagnostic, may he present but may not he detected un- 
less the patient is seen and examined at very frequent intervals. It is 
probable that additional cases would he uncovered if serial electro- 
cardiograms were taken in all cases of primary atypical pneumonia. 
This condition should he suspected if, during the course of the pneu- 
monia, there is an unexplainable rise in temperature, associated with 
tachycardia, or if the patient is running an unduly protracted course. 

It is probable that the etiologic agent responsible for the atypical 
primary pneumonia is also the cause of the associated pericarditis. 
Throat cultures, sputum examinations and typing, and blood cultures 
did not reveal any specific bacterial organisms. Studies were carried 
out at the^ Army Medical Museum on blood samples from these patients 
to ascertain whether the virus of psittacosis,. Q fever, or lymphocytic 
choriomeningitis was present. The results were negative. The presence 
of a pericardial friction rub in two of these eases and the absence of 
clinical or roentgenologic evidence of pericardial effusion suggest that 
the pericarditis was fibrinous in nature. 'Although in one case the 
cardiac silhouette, as visualized roentgeriographically, did increase in 
size, its configuration and the symptoms and signs did not suggest peri- 
cardial effusion. ' . 
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Pericarditis, is usually secondary to other diseases, particularly pul- 
monary and cardiac diseases. 5 The pericardium may become involved 
either by direct extension, by lymphatic or hematogenous spread, or by 
chemical alterations of the blood. In this group of eases, the roent- 
genograms of the chest consistently revealed increased bfonchovascular 
markings in the hilar region, radiating to the periphery. Furthermore, 
the pneumonitis developed on the side in which the bronehovascular 
markings were increased. In the absence of positive blood cultures and 
chemical alteration of the blood, it appears that the pericardium became 
involved secondarily, either by direct extension or by lymphatic spread. 
All of these patients recovered fully, and, at the time of discharge, there 
was no clinical, roentgenologic, or electrocardiographic evidence of peri- 
cardial disease. Not enough time has elapsed to definitely exclude peri- 
cardial adhesions as a complication. 

Although the problem of different diagnosis was not difficult in these 
cases, it is conceivable that at times it would be difficult to rule out 
rheumatic pericarditis. This is particularly true of rheumatic peri- 
carditis which develops in complete absence of migratory polyarthritis, 
follows an upper respiratory infection, and is accompanied by signs of 
pneumonitis. In contrast to the reported eases, the patients with rheu- 
matic pericarditis are more acutely ill, the pneumonitis is evanescent, 
both clinically and roentgenologically, 6 and a cardiac murmur is usually 
present. The electrocardiographic changes caused by the pericarditis 
may be similar in the two diseases, but with rheumatic pericarditis 
there may be associated alterations in the P waves, prolongation of the 
P-R interval, and disturbances of rhythm. Patients with rheumatic 
pericarditis have a more protracted course and require a longer period 
of rest in bed. Not infrequently they develop permanent endocardial 
lesions. In one of our cases a harsh systolic murmur developed at the 
base of the heart during the course of the pericarditis. During con- 
valescence, however, this murmur became less intense and ultimately 
disappeared. None of our patients developed valvular heart disease. 
Other types of pericarditis associated with pulmonary disease, such as 
tuberculous and pyogenic pericarditis, usually do not present any diffi- 
culty in differential diagnosis. 

All of these patients received short courses .of sulfonamide therapy 
without any apparent benefit. Treatment otherwise was entirely sym- 
tomatic, and the disease appeared to run its own course. Rest in bed was 
maintained until the sedimentation rate and leucocyte count became 
normal, complete resolution took place in the lungs, and the electro- 
cardiogram returned to normal. 

SUMMARY 

1. Three eases of pericarditis associated with primary atypical pneu- 
monia are presented. 
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2. The diagnosis can be made either by the presence oil a pericardial 
friction rub or, more commonly, by typical electrocardiographic; changes. 
It should lie suspected if, during the course of the pneumonia, an unex- 
plainable rise in temperature, associated with tachycardia, develops, or 
if the illness is running an unduly protracted course. 

3. The cause of the pericarditis has not been established, but is y>rob- 
ably identical with that of the primary atypical pneumonia. 

4. Prognosis as to life is good, and, at the end of the hospital stay, 
no evidence of pericardial disease could be demonstrated. 
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Clinical Reports 


COR- BIATRIATUM TRILOCULARE 
Case Report 

Margaret M. Glendy, M.D., Major R. Earle Glendy, M.C., Army op 
the United States, and Paul D. White, M.D. 

Boston, Mass. 

C OMPLETE absence of the ventricular septum, resulting in the three- 
ehambered heart, is a rare cardiac anomaly. In Abbott’s 1 statistical 
analysis of 1,000 cases of congenital cardiac disease, thirteen cases are 
reported in which cor-biatriatum triloculare is classified as the primary 
lesion. In fourteen additional cases, it was found complicating other 
defects, making the total incidence 2.7 per cent of all that particular 
series of congenital cardiac abnormalities. The present case report con- 
cerns this unusual anomaly oeeuring as a primary defect. 


CASE REPORT 

A 9-year-old white boy was admitted to the Massachusetts General 
Hospital Jan. 26, 1933, because of “heart trouble.” His birth was re- 
ported as spontaneous at term, and there was no cyanosis. He had 
always been slightly underweight, but was not a sickly child. He had 
mumps at the age of 4 years, and measles at. 5 years. Both were mild. 
He had had few sore throats, although his tonsils were said to be en- 
larged by the school physician. There had been no joint pains or nose- 
bleeds, but lie had complained of pain in the calves of his legs that 
awakened him at night. There was a history of nightmares from which 
he awakened screaming. His family history was not remarkable except 
that his father gave a history of rheumatic fever at the a<m of 16 years 
without recurrences. ‘ ’ 

Two years before entry, a school physician had informed his familv 
that lie had heart disease. His mother attempted to limit his activity 
hut without much success. There was no history of cyanosis on effort 
or on ordinary exposure to cold, but lie did get quite blue when in 
swimming even tor a short time. He puffed a little more than hS 
s ilmgs when climbing stairs, but had always been verv active He 
raced and played football and baseball about as well as his playmates 
n e neeks before admission, lie had a dry cough and diarrhea and 
became dyspnem even m a sitting position. There was no celling of the 
le^s, face, ankles, or hands. His urine was reported as dark reddLP 

***** an*.. There Vas^no 
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(! ian pul Jilin to bed because his heart was enlarged. He had taken 
tincture of digitalis for nearly three weeks. 

Physical examination showed a very ill, pallid boy with shadows and 
slight* puffiness under the eyes and a fine perspiration over the whole 
body, lie had a frequent, hacking: coil'd). The tonsils were moderately 
enlarged and slightly red, and small cervical lymph nodes were palpable 
bilaterally. The client showed marked deformity. There was a bulging 
asymmetry, with protrusion of the ribs at the costochondral junction 
mi the left, which seemed wider than on the right. There was some 
flaring of the ribs. A visible, diffuse, heaving impulse was present over 
the whole left side of the chest, part of the right side of the chest, and 
in the epigastrium. The left border of cardiac dullness in the fifth 
intercostal space measured 7(4 cm. front the mid line, constituting 
definite, cardiac enlargement, and the right border of dullness was also 
definitely increased. A loud, .systolic murmur was heard over the entire 
prccordium and also in the back, but maximally a! the cardiac apex. A 
mid-diastolic murmur was also beard at the apex. Alt inconstant “fric- 
tion rub" was heard in the fourth intercostal space about 4 cm. to the 
left of midsternum. The heart rhythm was regular except for an occa- 
sional premature heat. The blood pressure measured 8G/<>$. There 
was some fullness of the neck vessels. Examination of the lungs re- 
vealed some dullness at the left base, behind the heart, in which location 
a few suberepitant rales were heard. Larger, nmist rales were heard 
over both bases posteriorly. The liver was palpable four fincerbreadths 
below the costal margin, and was slightly tender. The spleen was not 
felt. There were no rheumatic nodules. There was no clubbing of the 
lingers and little, if any, cyanosis. At the time of admission, the tem- 
perature was 99.0° F., the pulse rate, 130. and the respiratory rate, 40. 

The laboratory findings were as follows: The. initial leucocyte count 
was 17, 030, wilh 70 per cent polymorphonuelears. The hemoglobin 
measured 80 per cent (Tnlhjuist). The urine at the time of admission 
contained many erythrocytes and occasionally leucocytes, hut no erythro- 
cytes were found in subsequent specimens. Xo easts were seen. One 
blood culture was reported negative, A roentgenogram of the chest, 
taken on the second hospital day, was reported as follows: “All 
measurements of Ihe heart arc greatly increased. The heart is rounded 
in shape and there is extreme prominence of the left auricle in both 
the antcro-posterior and oblique views. The hilus shadows show marked 
increase in density, particularly on the right, extending well out into 
the lung fields. The periphery of the lung fields is clear. The appear- 
ance is consistent with rheumatic heart disease with multiple valve 
lesions and chronic passive congestion of the lungs. Also consistent with 
congenital heart disease." (See Fig. ], .1 ) . Ten days later a second 
roentgenogram was reported as showing no change. However, careful 
scrutiny does reveal abnormalities of diagnostic importance (Fig. 3, if)- 
dhe electrocardiogram four days after admission showed sinoauricular 
tachycardia, a pulse rate of 320, increased voltage, a I Mi interval of 
0.18 second (somewhat increased for his age), definitely prolonged 
QliS complexes consistent with intraventricular block, and slight right 
axis deviation (big. 2). Xo further tracings were made. 

Clinical Course . — The temperature remained elevated on the day of 
admission and rose to 303.8° F. The following dav the variation was 
from 97° to 102° F., and t hereof lev it varied between 97 and 100.5° F. 
Treatment consisted of 35 to 30 grains of aspirin dailv and supportive 
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measures. For three weeks he showed some improvement. However, 
orthopnea eon tinned and he found greatest corn fort with a high hack 
rest and his knees drawn up. The frietion ruh heard at the time of 
admission disappeared. On the seventeenth hospital day, he. developed 
a severe roughing spell and grew more pallid, and, on examination, the 
heart was found to have, increased in size. The leucocyte count at this 
time was 15.500, and later rose to 28,000 on the thirty-third hospital 
day. lie became gradually worse and began to vomit much of his food. 
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?2’ n f v/as necessary to induce sleep. The heart appeared to enlarge 
, , . , , J an . ex . en, 1 ^ Ia{ pericardial effusion was suspected, and, on the 
Mi ' S! j X V- 1 / a ,*’ a ta P was attempted, hut oniv dark blood was 
obtained He died the following morning, -March 4, 1033. There was 

v vanosls - A fij ia] roentgenogram of his chest on 
•\” e * ore l? ^ K f i was reported as showing little change except for 
same evidence of pulmonary atelectasis or fluid at the left base (Fig. 

■!u ' *: c, imeal diagnosis of acute and chronic rheumatic heart disease, 
with acute cardiac dilatation and failure, was made. 
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PERTINENT AUTOPSY OBSERVATIONS 

Autopsy revealed a well-developed and well-nourished boy of 9 years, 
weighing about 70 pounds, who showed a bulging precordium with four 
puncture marks in the skin. The liver was enlarged, and lay entiiely 
below the costal margin. The two halves of the diaphragm were at the 
eighth rib. There was partial collapse of both lungs, but no pneumonia 
was seen. The pericardium was filled with 750 c.c. of un clotted blood. 
The heart was estimated to weigh about 600 grams. At the apex of the 
heart, on its anterior surface, two small puncture wounds were seen, 



Fig. 3. — Schematic drawing- of heart, laid open, showing large, common (right) 
ventricle and small rudimentary left ventricle. Note relatively small, coarctated aorta 
and large dilated pulmonary artery. M.V . — mitral valve, T.V . — tricuspid valve, R.A. 
— right auricle, I.V.O . — inferior vena cava, F.O . — foramen ovale (patent), L.A . — left 
auricle, S.Y.C . — superior vena cava, P.A . — pulmonary artery. R.P. A . — right pul- 
monary artery, L.P.A . — left pulmonary artery, I.A . — innominate artery, L.S.A . — left 
subclavian artery. 


around which there was a. small amount of fibrin and hemorrhage into 
the muscle. Two other puncture wounds were found in the region of 
the right auricular appendage, covered by a recent, adherent, greyish- 
red, ante-mortem thrombus. The heart was very large, and the ven- 
tricular wall measured 22 mm. in thickness. The superior and inferior 
yenae cavae entered the right auricle in normal fashion, and a patent 
foramen ovale, 1 cm. in diameter, was present. The left auricle received 
the pulmonary veins normally. There was one large ventricular cavity 
with a very small outpocketing which doubtless represented the rudi- 
mentary left ventricle or bulbus. From the large ventricular cavity 
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the aorta arose at the anterior upper left margin. The base of the aorta 
formed the definite bulb just mentioned. This bulb was seen to be made 
up of a small chamber about 3 cm. in diameter, partially separated by 
a ridge of tissue (rudimentary septum) from the large, essentially com- 
mon ventricle (Fig. 3 ). The aorta measured 2 cm. in diameter at its 
site of origin. The relationship of the pulmonary artery to the aorta 
was that which would be present in a normal heart if it failed to rotate 
to the left. The valves were not opened and measured, but, on inspec- 
tion, all but the mitral valve seemed smooth and competent. The mitral 
valve was thickened along its free border, but no vegetations were 
present. The coronary arteries were normal in origin. The diameter of 
the dilated pulmonary artery was several times that of the aorta. -Just 
past the site of origin of the left subclavian artery, the aorta was slightly 
to moderately coarctated, and measured 8 mrn. in diameter at this point. 
Also at this point, the aorta appeared to take an angular bend, and be- 
came the descending aorta, measuring 1.8 cm. in diameter. The ductus 
arteriosus left a small dimple in both the pulmonary artery and the 
aorta. It. measured <8 mm. in diameter, and, on cut section, a pin-point 
lumen remained. The anatomic diagnoses were as follows: Cor 
biatriatum Iriloculare, with rudimentary left ventricle; cardiac hyper- 
trophy and dilatation; congestive heart failure; patent foramen ovale; 
slight coarctation of the aorta; puncture wounds of the heart; hemoperi- 
cardium; and pulmonary congestion and atelectasis. 

DISCUSSION 

The clinical features of this case arc unusual. Congenital cardio- 
vascular defects with this degree of venoarterial communication are, 
with few exceptions, attended hv at least a moderate degree of cyanosis, 
which was not clearly present in this patient even in his final illness. 
The fact that physical disability among congenital cardiacs may he 
more or less directly proportional to the degree of cyanosis most prob- 
ably explains the history concerning his physical activity. Nevertheless, 
despite the benign early history, he survived only by one year, or so, 
the mean age (7-';j years), as given by Abbott 1 in thirteen cases of this 
malady. 

Consideration of the pathologic anatomy suggests an explanation for 
the absence of cyanosis. First, the location of the aorta was such that 
the arterial blood returning via the mitral valve doubtless formed a 
barrier against too great admixture with venous blood returning via 
the tricuspid valve, as is apparently the ease in the three-chambered 
turtle s heart. If this assumption is correct, the blood leaving the 
heart through the aorta must have been very predominantly arterial. 
Secondly, the great size of the pulmonary artery, as compared to the 
aorta, served the process of oxygenation of the blood well until dilatation 
and failure of the heart made this no longer possible. The part played 
by coarctation of the aorta in bringing about the final break is problemat- 
ical; it does not seem likely that it was of any real importance. No 
blood pressure readings were made prior to his hospital cut ry, and those 
made after admission did not suggest coarctation. Also, no character- 
istic notching of the ribs was seen in the chest roentgenograms. 
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Each observer who saw this patient concurred in the diagnosis of 
rheumatic heart disease with mitral involvement, and interpreted the 
febrile illness as an active “rheumatic infection, which indeed it may have 
been, although no microscopic evidence of this was found in the myo- 
cardium. The presumably acquired heart disease discovered at the age 
of 7 years, the joint jiain, fever, leucoeytosis, enlarged heart, murmurs, 
precordial friction rub, and later the apparently enlarging cardiac 
silhouette, suggesting pericardial effusion, altogether favored this con- 
clusion. In reviewing the available objective clinical evidence there are 
two important indications of congenital heart disease that were over- 
looked, namely, the delaj 7 in intraventricular conduction time, and 
extensive excursions of the QRS waves, as shown by the electrocardio- 
gram (Fig. 2), and the definitely abnormal supraeardiac (aortic) shadow 
in the roentgenogram (Fig. 1). The reasons for both were at once ap- 
parent at the post-mortem table. There was no septum to carry the' 
bundle branches in a normal fashion, and the aorta was hypoplastic 
and abnormally situated. In view of our present knowledge, the apical 
systolic and diastolic murmurs were most likely produced by a dilated 
(insufficient), relatively stenotic, mitral ring opening into a markedly 
dilated ventricular cavity. It is unlikely that the loud, widely trans- 
mitted systolic murmur arose from the site of slight coarctation in the 
aorta. The unfortunate result of the attempted pericardial taps re-em- 
phasizes the difficulty that sometimes attends the differential diagnosis 
of pericardial effusion and cardiac dilatation, and illustrates the possible 
danger of paracentesis in this region. Whatever pericardial effusion 
may have been present was obscured at autopsy by the extensive hemo- 
pericardium. 

SUMMARY 

A case of three-chambered heart (cor biatriatum triloculare), until a 
tin}*, rudimentary left ventricular pocket, attended by slight coarctation 
of the aorta in a boy aged 9 years is reported. The unusual clinical 
features, namely, absence of cyanosis and relatively good cardiac reserve 
until shortly before death, are discussed. The congenital abnormalities 
were complicated by a terminal infection (? rheumatic) and rapid 
dilatation and failure of the heart. The clinical diagnosis of chronic 
rheumatic heart disease, with mitral involvement was incorrect. 
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Green, H. D., Lewis, R. N., Nickerson, N. D., and Heller, A. L.: Blood Plow, 
Peripheral Resistance, and Vascular Tonus, With Observations on the Relation- 
ship Between Blood Flow and Cutaneous Temperature. Am. .T. Physiol. 1-11: 
518, 1944. 

Vascular tonus is defined as the active contraction of t lie muscular walls of the 
small blood vessels and is considered to be influenced, physiologically, by vaso- 
motor nerve impulses, humoral substances, and metabolic products. The summutod 
effects of the first two are defined as the vasomotor activity. Changes in vascular 
lumen in response to altered intraluminal pressure, per se, are considered to be a 
physical reaction and not to represent a change in vascular tonus. 

The relationship between vasomotor activity, peripheral resistance, blood flow, 
and subcutaneous temperature was studied by recording cither the arterial inflow 
or the venous outflow at a series of perfusion pressures in various vascular beds 
in the hind limbs of- anesthetized dogs. These studies were made during control 
states, during periods of increased vasomotor activity occurring spontaneously 
and induced by small hemorrhages, and during periods of decreased vasomotor 
activity induced by sectioning the sciatic nerve. Average blood flow, at mean 
arterial pressure, was 6.9 ml. per 100 Gin. of muscle. In the combined skin and 
muscle of the lower half of the hind extremity, the average flow was .1.2 ml. per 
100 grams of extremity, and, in the skin of the latter, the average flow was 1.6 ml. 
per 100 grams of extremity. 

Only experiments in which the hematocrit reading and viscosity of the blood 
remained within +4 to -6 per cent of the control values and in which collateral 
circulation artifacts were avoided were analyzed. During a constant state of 
vasomotor activity the increments of blood flow per increment of perfusion pres- 
sure in skin and often in muscle increased regularly from zero upward when flow 
was measured immediately after establishment of the perfusion pressure. 1 he 
relationship between perfusion pressure and flow in these experiments could bo 

represented by the equation F = q~, where n has values between 1 and o, usual } 

about 2. This relationship appears to be explainable on a purely physical basis. 
When the rate of flow was measured one to two minutes after establishment of 
the perfusion pressure in muscle and in the whole distal part of the extreinitj, the 
flows ut pressure below mean arterial pressure appeared to be relatively greater 
than they would be on the basis of a purely physical relationship between pressure 
and flow. This was probably due to a vasodilatation induced locally by the ac- 
cumulation of metabolic products as a result of the slowed flow at Ion perfusion 
pressures, but might also be due to a lowering of the cxtravascular pressure. 1 he 
result was a sigmoid rather than a parabolic shaped curve relating perfusion 
pressure and flow. 

In all experiments, increase of vasomotor activity decreased the rate of Hon 
at each perfusion pressure. In those experiments in which the data fitted the 

p» 

equation V — — , increase of vasomotor activity increased the magnitude of the 
constant C and of the exponent n. 
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Peripheral resistance, physically, is the ratio of the perfusion pressure to the 
flow through the vascular bed. The term PRU is proposed as a unit of peripheral 

resistance, where 1 PRU = j ^L/m i n ' : * Peri P lieral resistance was found to be 

altered when the perfusion pressure was raised or lowered, even when vasomotor 
activity remained constant. Conversely, change of vasomotor activity was not, 
in all cases, correctly indicated by an appropriate alteration of peripheral resistance. 

Various methods of expressing change of vasomotor activity were discussed. 
It was concluded that the only completely satisfactory method is to compare the 
plot relating pressure to flow over the complete range of pressures from zero to 
mean aortic pressure in a control period, with a similar plot obtained in the ex- 
perimental period. However, this method is laborious, and it is difficult to depict 
the progressive changes in these plots with time. As a compromise the next most 
satisfactory method appears to be to determine, during a control period, the rela- 
tionship between pressure and flow over the entire range of flows anticipated dur- 
ing the subsequent experimental period, and thereafter to make only single deter- 
minations of pressure and flow, usually at a perfusion pressure equal to the ex- 
isting mean aortic pressure. The results may then be expressed in terms of the 
ratio of the peripheral resistance (or perfusion pressure) in the experimental 
period to the peripheral resistance (or perfusion pressure) observed during the 
control period at the same rate of flow. 

Authors. 

Corcoran, A. C., Taylor, R. D., and Page, I. H.: Immediate Effects on Renal Func- 
tion of the Onset of Shock Due to Partially Occluding Limb Tourniquets. Ann. 

Surg. 118: S71, 1943. 

The depression of renal function during the onset of shock due to partially 
occluding tourniquets is due to a decrease of renal blood flow, which is only in a 
minor and inconstant measure the result of decreased arterial pressure. 

This decrease of renal blood flow is due, almost wholly, to increased renal vas- 
cular resistance, in which increased blood viscosity enters only in a small degree: 
the increased resistance being rather due to vasoconstriction, predominantly af- 
fecting the glomerular efferent arterioles. 

Although nervous stimulation, presumably as the result of pain, causes a small 
measure of this vasoconstriction, the larger fraction is independent of the renal 
nerves and, by exclusion, of humoral origin. 

This Immorally-arising renal vasoconstriction is associated with the appearance 
of a vasoconstrictor substance in plasma, to the activity of which it is therefore 
attributed. 

Authors. 

McMichael, J., and Sharpey-Schafer, E. P.: Cardiac Output in Man by a Direct 

Fick Method. Brit. Heart J. 6: 33, 1944. 

Serial estimations of cardiac output and right auricular pressure can be made 
by means of a ureteric catheter passed along the veins into the right auricle. 

Normal resting values for arteriovenous oxygen differences were rather lower 
than those obtained previously by the acetylene method. 

Cardiac output in the supine posture showed a 33 per cent increase over that 
in the erect. 

A fall in right auricular pressure reduced, and a rise in right auricular pressure 
increased, the cardiac output. 

Acceleration of the heart with atropine usually increased cardiac output and 
caused a fall m right auricular pressure. Occasionally the fall in right auricular 
pressure may operate against an increase in cardiac output. 
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Intravenous adrenalin, in doses that did not accelerate the heart or raise the 
blood pressure increased cardiac output. 

Normal subjects with high resting outputs had faster heart rates than the 
others. 

Authors, 

Dawson, G. D., and Jones, A. M.: Synchronous Heart Sound Recordings. Brit. 
Heart J. 6: 48, 1944. 

A method of synchronous heart sound recording is described in which the stand- 
ard Cossor-Bobertson cardiograjdi is modified by introducing a second channel, 
using the Clothier electronic switch. 

Synchronization of the tracings is automatic and requires no adjustment. 

The alteration to the commercial instrument is simple and does not affect its 
use as a simple portable cardiograph. 

Authors. 

Stem, V. S.: Stokes- Adams Attacks in a Child. Brif. Heart J. 6: fid, J.044. 

•A case of insidious rheumatic pericardial effusion with Stokes- Adams attacks 
is described. A boy of 12 years sought medical help after three months of ill 
health, and only when disturbance of the conducting system had set in. Either 
minor inflammation of the bundle tissue itself or its compression by inflammatory 
vascularization of the collagenous mass in the septum mernbranaceum, would 
explain the symptoms. 

Author. 


Campbell, M.: Complete Heart Block. Brit. Heart J. 6: 69, 1944. 

Complete heart block is most often seen in men in the seventh decade with 
enlarged hearts and atherosclerosis but no other evidence of gross heart disease. 
Pour-fifths of our patients were men. Most (46 per cent) were between 60 and 
69 years of age, and 84 per cent were over JO years of age at the onset of com- 
plete block. 

Syphilitic and rheumatic heart diseases were, between them, responsible for 
only a little over 10 per cent of the cases. Other myocardial disease was respon- 
sible in 75 per cent, or in 8G per cent if the group of congenital cases was ex- 
cluded, this being the second commonest cause (13 per cent). Cardiac enlarge- 
ment with no other signs than atherosclerosis of the aorta and often of peripheral 
arteries was the evidence of myocardial disease in nearly half these eases, high 
blood pressure, angina pectoris, or congestive failure being present in the other 
half. In the ten cases with high blood pressure, the average figure was 225/103. 
In the others, the systolic pressure was above and below 1G0 in equal numbers, 
and the average figures for these two groups were 104/S 1 and 137/73. Thus, in 
the latter, the pulse pressure was only slightly raised, but in the former and in 
those with high blood pressure, the pulse pressure averaged 315. The reasons for 
this have been discussed. 

The heart rate was usually between 28 and 40 and averaged just under 35 
(excluding congenital eases where it was generally 40 to 56). 

Heart block may be of very varied types; it may be: (1) complete, (2) par- 
tial; 2:1, or more rarely 3:1 or 4:1, (3) partial with dropped beats only; including 
regular 4:3, 3:2, etc., or occasional dropped beats, or (4) latent, with a prolonged 
P-E interval only. 

Complete heart block is a serious lesion, though some patients, especially some 
of those under 40 years of age, live for many years in reasonably good health. 
There were 50 cases followed for more than 2 years or until their death; 34 were 
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dead after an average period of 2.5 years; 16 were alive after an average period 
of 6 years or 4.5 years if two exceptional cases were excluded. Of the former, 
19 died in less than 2 years, 14 in from 2 to 6 years, and 1 after 12 years. Of the 
latter, the period of observation was from 2 to 6 years in 10, and from 7 to 20 
years in the other 6 cases. 

Stokes-Adams attacks were present in half the patients with complete heart 
block. When they were present they were one of the earliest if not the first 
significant symptom of heart block in three-fourths of the cases. In those without 
Stokes-Adams attacks, dyspnea or attacks of faintness or dizziness were the main 
presenting symptoms. 

Stokes-Adams attacks were no more common in those who had recorded latent 
heart block than in those without. A known change of rhythm at times other 
than those of the attack does makes Stokes-Adams more likely, but not as much 
as might be expected (64 against 32 per cent). 

The prognosis was considerably worse in those with Stokes-Adams attacks, the 
results in the patients traced being: 

Alive Dead 

With Stokes-Adams attacks 6 24 

Without Stokes-Adams attacks 10 10 

The method of dying was even more strikingly different: of the patients with 
Stokes-Adams attacks, 61 per cent died suddenly, presumably in attacks; of those 
without Stokes-Adams attacks, only one was known to have died suddenly, and 
50 per cent, died with failure. If, when a patient is first seen with complete heart 
block, he has not had a Stokes-Adams attack, the risk of such an attack develop- 
ing, or of his dying suddenly, is not great, and with each month that has passed 
the risk becomes still less. 

It is important to realize that Stokes-Adams attacks may occur with paroxysmal 
heart blocks (complete) and the paroxysms may be of short duration after the 
attficks and may easily be missed. Otherwise attacks that are true Stokes-Adams 
attacks will remain unexplained. 

Author. 


Cossio, P., and Berconsky, I.: The First Heart Sound and Auricular Fibrillation. 

Rev. argent, de cardiol. 10: 2S3, 1943. 

The heart sounds were studied by auscultation and graphic records in five 
patients during periods of auricular fibrillation and sinus rhythm. It was found 
that, when auricular fibrillation was present, the first sound was of greater in- 
tensity and appeared later in relation to the beginning of the QRS group of the 
electrocardiogram. 

The greater intensity of the first heart sound during auricular fibrillation is 
explained if due consideration is given to the origin of the first sound, funda- 
mentally valvular, and to the preponderance role of the initial tension of the A-V 
valves in determining its intensity. 

Authors. 


Thomas, C. B.: The Significance of Electrocardiographic Abnormalities in Young 
Adults. Bull. Johns Hopkins Hosp. 74: 229. 1944. 

lliere are a number of physiologic mechanisms which may alter the electro- 
cardiogram, sometimes to an abnormal degree. In the age groups in which de- 
generative disease of the myocardium is rare, there is greater likelihood that a 
given electrocardiographic abnormality is a physiologic variant than evidence of 
a pathologic lesion. Until the limits of normal variation in the human electro- 
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cardiogram have been much more thoroughly explored, the diagnosis of heart 
disease in young persons should seldom be based on the electrocardiographic find- 
ings alone, in the absence of elitiieai manifestations. 

Author. 

Zimmerman, S. L.: Transient T-Wave Inversion Following Paroxysmal Tachy- 
cardia. .1. Lab. k Clin. Med. 29: Aits, 1911. 

tine ease of supraventricular tachycardia and two eases of ventricular tachy- 
cardia followed by T-wuve inversion in Multiple leads, persisting for a variable 
period of time and not associated with tnyocnrdial infarction, are presented. 

The imporlattee of correct evaluation of these changes i> stressed. 

The role that quinidine played is di-eus'od. It does not appear to have Ih-cm 
of etiological importance. 

t.'ertuin difl'erentinl electrocardiographic findings are dis-ussed, and their ini* 
portnueo in excluding myocardial infarction is stressed. 

Persistent inversions of T waves following; tachycardias arc not necessarily of 
ominous prognostic import. 

AtTiion. 

Davies, J. N. P., and Fisher, J. A,: Coarctation of the Aorta, Double Mitral A-V 

Orifice, and Leaking Cerebral Ancurymn. Brit. Heart .1.5: lt'7, 1913. 

The ease is reported of a male, aged 17 years, with conretation of the aortsi 
mid other congenital defects. He developed a cerebral hemorrhage from n berry 
aneurysm, and made a complete recovery from this, only to die Inter from a 
rupture of the aorta. 

The autopsy revealed that, in addition to the coarctation of the aorta and asso- 
ciated defects of elastic tissue, there was a double milm! valve. The probable 
counterpart during life of this ran* anomaly was a proystolic or diastolic murmur 
in the mitral area. 

The relationship of these defects is briefly discussed. 

AfTHOUK 

Baer, S., and Frankcl, H.: Studies in Acute Myocardial Infarction. IH. Diag- 
nosis and Location of the Infarct by Electrocardiogram. Arch. Int. Med. 73: 

2SG, 10 14, 

The diagnosis and location of the infarct were considered in 37S cases of acute 
myocardial infarctation. Electrocardiogram* taken in 321 rases revealed the pres- 
ence of infarction in 04 per cent. On electrocardiographic study alone, 52 per 
cent of the infarcts were found to be anterior and 34 per cent posterior. Of 74 
patients coining to necropsy, 70 per cent had anterior. 23 per cent posterior, and 
7 per cent anteroposterior infarction. 

Anterior myocardial infarctions are more frequent and more serious than pos- 
terior infarctions. Infarction of the anterior wall of the left ventricle is more 
apt to be missed by electrocardiograms than posterior involvement. Elect ro- 
cardiographic diagnosis and location of the infarction are highly accurate. 

AUTHOKS. 


McHardy, G., and Browns, D. C.: Life Expectancy After an Attack of Myocardial 
Infarction. Report of a Case of Survival for Nineteen Years After Coronary 
Thrombosis. Arch. Int. Med. 73: 290, 1944. 

The authors report the present case as the first instance of myocardial infarc- 
tion due to coronary thrombosis in which there was electrocardiographic con- 
firmation at the onset, and in which the patient lived for so long n time — nineteen 
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years and thirty days from the initial occlusion until his death, from thrombosis. 
Both the initial and the terminal attach were confirmed by autopsy. 

Authors. 


Harrison, T. ft,: Clinical Aspects of Pain in the Chest. I. Angina Pectoris. 

Am. J. hi. Sc. 207: 561, 1944. 

An analysis of seventy-seven patients with angina pectoris has been made, 
with particular reference to the characteristics of the pain and its relationship 
to various body functions. 

The pain was felt in the substernal location in only about one-half the patient^. 
Pain entirely limited to the periapical, axillary, or abdominal regions did not occur 
in any case. 

The duration of the pain was usually a few minutes only, rarely longer than one- 
half hour. 3STo patient had pain lasting for a few seconds only. 

Pain of great intensity was exceptional, the discomfort being mild or minimal in 
more than one-half the patients. 

The discomfort was constrictive or heavy in character in only about 50 per cent 
of the cases. Frequently, the pain was of an aching quality; burning discomfort 
was occasionally found; while lancinating pain was encountered in only one subject. 

In addition to the generally recognized “trigger” factors of exertion, eating, 
emotion, and cold, the recumbent posture and glucose deficiency were found to 
he common precipitating causes of the seizures. Anginal attacks with typical 
electrocardiographic changes may be induced by spontaneous hypoglycemia in pa- 
tients who have no seizures with severe effort and no evidence of structural 
cardiac disease. The act of eating may precipitate anginal attacks in certain 
patients and may prevent the attacks in other subjects. 

Pain induced by the sitting or standing position or aggravated by breathing, 
coughing, or swallowing can usually be safely ascribed to disorders other than 
angina pectoris. 

In the diagnosis of angina pectoris the most important features are: the his- 
tory of relationship to effort, the short duration of the pain, and the demonstration 
that the amount of muscular effort required to induce the pain is increased by 
nitroglycerin. 

A large percentage of patients with angina pectoris also suffer from chest pain 
due to other disorders. Such disorders may either be related to angina pectoris 
(as in the ease of myocardial infarction and reflex disturbances of the skeletal 
system) or unrelated to it (as in the case of gall bladder disease, hiatal hernia, 
esophageal spasm, and so forth). Because of the frequent coexistence of the two 
causes of chest pain, one of them may be overlooked unless unusual care is em- 
ployed in obtaining the history. 

Occasional patients — about 10 per cent in this series — may have anginal at- 
tacks which have never been related to effort. Among the causes of such attacks 
are status anginosus (“coronary insufficiency,” “preinfarction angina”) ectopic 
tachycardia, spontaneous hypoglycemia, and conditions such as intermittent 
claudication, congestive failure, and undue anxiety about the cardiac condition, 
which induce the patient to lead an unusually sedentary life. It is in this group 
of patients that the greatest diagnostic difficulty is likely to be encountered. 

Author. 


Dodge, K. G., Baldwin, I. S., and Weber, M. W.: The Prophylactic Use of 
Sulfanilamide in Children With Inactive Rheumatic Pever. J pediat 24* 4 R 4 
1944. ‘ 3 

. Ei SKy-eight children and adolescents with quiescent rheumatic disease were 
given from 1 to 2 Gm of sulfanilamide daily throughout the winter and spring 
months for & total, of 181 patient-seasons. 
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One hundred and one rheumatic children were observed as controls for 138 
patient-seasons. 

In the group receiving sulfanilamide, in some eases for as many as four seasons, 
toxic drug reactions were minimal. The drug was not discontinued permanently 
in any ease for such a reaction. 

During the period of the study, there were, in the control group, fifty-four 
Group A hemolytic streptococcal infections, an incidence of 39 per cent. There 
were nineteen definite major rheumatic relapses ('with two deaths.; and seven 
mild or possible relapses. In three children, the rheumatic process remained 
active throughout the period of observation, arid there was one death from sub- 
acute bacterial endocarditis. 

In contrast to this, only five hemolytic streptococcal infections occurred in the 
group of children receiving sulfanilamide prophylaxis, art incidence of 2,7 per 
cent. Two children, or 1.1 per cent of the patient-seasons rtf prophylaxis, de- 
veloped definite rheumatic relapses while tubing the drug regularly. Two other 
children with severely damaged hearts died of congestive failure without evidence 
of streptococcal infection or active rheumatic disease. Two children with recently 
active rheumatic fever showed signs of increasing rheumatic activity within two 
weeks, of starting the drug. The remainder of tins group of children remained 
free of streptococcal infection and rheumatic relapses. 

Home of th" problems of the administration of n sulfonamide prophylnctically 
have been discussed. 

Based on this study and reports in the literature, the effectiveness of sulfon- 
amide prophylaxis in quiescent rheumatic, fever is established, and it should he 
applied more widely among groups of highly susceptible indit iduaN. 

A ratons. 

Davis, D. B.. and Rosin, S.: Rheumatic Fever and Rheumatic Heart Disease in 

Los Angeles Children. ,1. Podint. 24: fiii2, 11*14. 

The ease? of 157 patients with childhood rheumatic disease admitted to the 
I-os Angeles County Hospital over a five-year period are analyzed and discussed. 
I he following salient findings bear emphasis: 

i he relatively low incidence of rheumatic disease, as determined by this survey, 
is consistent with the findings of similar studies carried out in other cities with 
subtropical climates. 

Chorea seems to occur with much less frequency in this area than in eastern 
population centers. 

Xo significant variation in seasonal incidence is noted. 

An analysis of temperature, rainfall, and relative humidity permits no cor- 
relation between these factors and the incidence of the disease in this area. 

I amilial incidence in this series is negligible. 

Two-thirds of the patients were born and raised in this tJoinntunUy. Almost 
80 per cent of those born out of California lived in the I.o? Angeles areas over 
one year before the onset of rheumatic diseas-. The-e facts would certainly tend 
to discredit the commonly held belief that the majority of the patients with rheu- 
matic infection encountered here are migrants' from eastern or northern state'-'. 

J he mortality in this series was f*.5 par cent. Brief summaries are presented of 
all cases that proved fatal. 

AtmiOfis. 


Thompson, R. B.: A Case of Myxoma of the Loft Auricle. Brit. Heart .T. G: 23, 
3944. 

A case of myxoma of the left auricle with congestive heart failure and sudden 
death is presented with an autopsy report. 


AUTHOS. 



SELECTED ABSTRACTS 


409 


Evans, W.: Tlie Heart in Myotonia Atropica. Brit. Heart J. 6: 41, 1944. 

Examination of tlie heart in thirteen cases of myotonia atrophica has shown 
that the presence of cardiovascular signs may help in the earlier diagnosis of the 
condition. 

The pulse is often small and occasionally infrequent. The blood pressure is 
sometimes very low. The iirst heart sound in the mitral area commonlj shows 
splitting, and sometimes triple rhythm may appear from addition of the fourth 
heart sound, this depending on the degree of elongation of the P-R period. 

The changes that commonly characterize the electrocardiogram include elonga- 
tion of the P-R period, low voltage of the P wave, slurring of the QRS complex, 
and left axis deviation. 

The size of the heart varies so that it may be normal or may appear small, but 
in the presence of considerable lengthening of the P-R period, moderate enlarge- 
ment takes place. 

Author. 

Pietrafesa, E. R.: Observations on Two Cases of Arteriovenous Communication. 

Rev. argent, de cardiol. 10: 302, 1943. 

A study was made of the circulatory changes which appeared in two patients 
with an arteriovenous aneurysm of the right leg, when the femoral artery was 
compressed at the level of the Poupart’s ligament. The heart rate, the oscillatory 
index of the limb arteries, the different phases of the cardiac cycle, arterial and 
venous pressure, cardiac output, heart size, electrocardoigram, and heart sounds 
were investigated. 

It is concluded that the circulatory changes produced by compressing the artery 
of an arteriovenous aneurysm are not always the same. The size of the arterio- 
venous fistula, the time of its establishment and the circulatory compensation 
which follows are among the factors which determine the circulatory response to 
compression of the artery. 

Author. 


Langley, G. F.: Repair of Ruptured Popliteal Artery, With Note on Heparin 

Therapy After Arterial Suture. Brit. J. Surg. 31: 161, 1943. 

A case of rifle bullet wound of the popliteal vein with delayed rupture of the 
popliteal artery has been described. Suture of the popliteal artery after rupture 
of an arterial hematoma was successfully performed. External, popliteal nerve 
palsy developed as a secondary complication, but the patient recovered from this. 

Heparin administration probably contributed to the saving of the limb. It is 
suggested that heparin should be administered in a continuous saline drip, as it 
is unlikely to be effective bj' intermittent intravenous injection; the accepted 
dosage of heparin may be too small, and it is necessary for repeated examinations 
of the clotting time to be made. 

Author. 


Bloom, N., and Walker, H.: Nodal Rhythm and Bundle Branch Following Aspirin 
Hypersensitivity. J. Lab. & Clin. Med. 29: 595, 1944. 

Aspirin is an excellent analgesic and, considering its enormous consumption 
only occasionally causes any severe reactions in human beings. This case is an 
example of very am, seal sensitivity to the drug. Anaphylaetie shook with 
transient nodal rhythm and handle branch block occurred after the investion 
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THIOCYANATE THERAPY OP HYPERTENSION 

Studies on the Constancy op Blood Concentration 
and Urinary Output 

Arnold Koffler, M.D., A. W. Freireich, M.D., and 
Major I. Jerome Silverman, M.C., Army of the United States 

T HIOCYANATE was originally studied pharmacologically by Ber- 
nard, 1 in 1857, but it was first applied as a therapeutic agent by 
Nichols, 2 in 1925. There then followed a group of sanguine reports of 
its efficacy as an agent: in the control of high blood pressure, as exempli- 
fied by the studies of Gager, 4 Smith and Rudolf, 5 Bolotin, 0 Maguire, 7 
and Palmer, Silver, and White. 8 

This buoyant period was followed by a series of reports of toxic effects 
by such writers as Ayman,® Palmer and Sprague, 10 and Goldring and 
Chasis. Y ith the introduction, in 1936, by Barker, 3 of a method of 
controlling the dosage of the drug by means of blood concentration 
estimations, we have arrived at a sane, middle-of-the-road policy. We 
are now better able to evaluate the drug, ascertain its efficiency, and 
control the dosage. That toxicity was caused by lack of control of the 
dosage is evidenced by the reports of 0 ’Hare and his associates. 12 In 
1931, before the introduction of Barker's method for ascertaining the 
blood level of the thiocyanates, and using empirical doses, these authors 
reported favorable results in only two out of twenty-five cases. More- 
ovei, every .patient complained of one or more distressing symptoms 
aiismg from two to eight days after the drug was commenced." A study 
of the amount of thiocyanate used in their cases in the light of present 
knowledge readily explains the rapid onset of toxic symptoms. They 
gave their patients 1 Gin. daily for one week, then 0.6 Gm daily for 
one week, and, finally, 0 3 Gm. daily. In the majority of patients* such 
an early heroic dose will yield blood levels of 20 mg. per 100 c c or 
raore^a aotaallj- will bring them, in two to eight days, to a period 
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of toxicity. As we shall demonstrate, as little as 0.1 Grn. daily may he 
sufficient in some cases lo maintain a therapeutic blood level. 

In 1938, using Barker's melhod of control, O'JIare and his associates 13 
again tried the drug on fifteen patients. This lime they reported that 
“in all cases a definite lowering of the blood pressure occurred during 
the interval of treatment/’ They found that the symptoms returned 
when the drug was surreptitiously omitted, and concluded : “the regula- 
tion of administration required the individualization of dosage for each 
patient, frequent blood cyanate determinations, and sufficient intelli- 
gence on the part of the patient to permit an awareness of early toxic 
symptoms.” 

The truth, as would be expected, lay in the fact that a very important 
element in the therapeusis had been overlooked; namely, failure to 
evaluate the results on the basis of the amount of drug available for 
action in the circulating blood, rather than the dosage prescribed. This 
fact was clarified by the work of Barker in his original report in 193fi 3 
and in his subsequent writmgs. ,4 ' , ' ! ' 20 Many other workers”' 34 have 
confirmed his results, so that, now it is pretty well conceded that no 
therapeutic effect with thiocyanate can he truthfully judged with- 
out adequate blood level determinations at fairly frequent intervals. 
A study of the unfavorable reports reveals that the toxic manifesta- 
tions and fatalities were most probably caused by excessive dosage. 
These unfortunate sequelae may very well have been averted by a proper 
determination of the blood level, for the dosage, per sc, is no indication 
of the amount of the drug available in the circulating blood. On the 
contrary, the full therapeutic effect may be obtained with a very small 
dose in one case, whereas many times the same amount of drug may he 
required for another. 


CLINICAL KKSULTS 

We have adequately followed thirty-nine ambulatory patients in our 
clinic during the past three years. The patients had essential hyper- 
tension, and many of them showed some evidence of cardiac or renal com- 
plication. There were seventeen males and twenty-two females, and 
their ages ranged from 34 to 71 years; the average age was 55 years. 

The method employed was as follows: All of these patients had been 
observed tor months, and many for years, with the usual therapeutic 
agents, so that the base level of their blood pressures was known. After 
the period of observation, potassium thiocyanate therapy was instituted. 
We used an aqueous solution of the drug in such concentration that one 
dram contained 0.1 Gm., and commenced with a dose of one dram three 
times daily. After one week the patient was examined, the blood pres- 
sure recorded, and a blood specimen was obtained. All blood pressures 
were taken in the recumbent posture, and after the patient had rested 
for at least ten minutes in that position. Many of the observations were 
cheeked by more than one physician. Since ours is an ambulatory 
cardiac clinic, held only once weekly, and the thiocyanate determination 
could not be performed immediately, the dose was maintained and the 
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patient was told to report the following week, at which time the dose 
was adjusted according to the blood level. Although in most patients 
the average blood level with this dose (0.1 Ctm. three times daily) was o 
. mg. per 100 c.c., as high a level as 15 mg. per 100 c.c. was obtained with 
this small amount. In those cases in which there were signs of con- 
gestive heart failure, digitalis therapy and diuretics were continued. 
Such a regime was not incompatible with the thiocyanate. 

The following five cases were selected as typical examples of both the 
favorable and unfavorable results : 


Case 1. — (Pig. 1.) M. K., a woman, aged 48 years, was first admitted 
to the cardiac clinic May 31, 1938, with a diagnosis of (a) hypertension, 
(b) enlarged heart, (cj regular sinus rhythm, (d) Class III C. Her 
chief complaints were dyspnea, cough, palpitation, precordial pain, 
edema of the ankles, fatigue, pallor, and cyanosis. The blood pressure 
on admission was 240/130. A teleoroentgenogram revealed that the heart 
was enlarged in all diameters. There were straightening of the left 
cardiac border and accentuation of the right auricular curve. The 
aorta was not dilated. In addition, there was roentgenologic evidence 
of fibroid changes at the roots and bases of both lungs, especially on 
the right side. There was no pleural effusion. The electrocardiogram re- 
vealed a rapid sinus rhythm, with deviation of the electrical axis to the 
right. Numerous urine examinations showed a good ability to con- 
centrate; the specific gravity ranged from 1.002 to 1.027, and there 
were no abnormal elements. The nonprotein nitrogen of the blood was 
35 mg. per 100 c.c., and the glucose, 84 mg. per 100 c.c. The hemoglobin 
was 98 per cent, the erythrocyte count, 4 million per cu. mm., and the 
leucocyte count, 11,700 per cu. mm., with 70 per cent polymorphonuclear 
cells, 24 per cent lymphocytes, and 6 per cent transit ionals. The blood 
Wassermann reaction was negative. 

She was treated with phenobarbital, digit alis as indicated, and numer- 
ous expectorant mixtures for the chronic cough. During this period 
she showed persistent hypertension, with the systolic pressure between 
190 and 240, and the diastolic between 116 and 140. 


Potassium thiocyanate therapy was instituted after on observation 
period of ten months. The initial dose was 0.1 Gm. three times daily. 
One week later the blood pressure was still elevated, there was no change 
in her symptoms, and a blood thiocyanate determination showed 3.6 mg. 
per 100 c.c. The dose was increased to 0.2 Gm. three times daily, and, 
a week later, the blood pressure had fallen to 172,404 and the blood thio- 


cyanate was at a level of 13.3 mg. per 100 c.c. There were no toxic 
symptoms, and the patient felt considerably improved, so the dose was 
continued at 0.2 Gm. three times a day. The next week she began to 
have dizziness ; the blood pressure had continued to fall, reaching a level 
of 166/114, and the thiocyanate concentration had risen to 18.2 mg. 
per 100 c.c., so the dose of potassium thiocyanate was reduced to 0 2 
Gm. twice daily. Shortly after this the patient was hospitalized for 
an acute exacerbation of her chronic cough, and did not take anv thio- 
cp anate foi a pciiod of three weeks. On her return to the clinic the 
blood pressure was 194/114, and the dose of 0.2 Gm. twice daily’ was 
resumed. She has since been maintained on the thiocvanate treat- 
ment; the dosage has been determined by the blood level, except for an 
occasional period when she has not returned to the clinic for care After 
these latter periods, a resumption of the high level of the blood pressure 
occurs, but not to as high a level as during the original observation 
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period. Her present dose varies from 0.1 Gin. twice daily to 0.2 Gm. 
twice daily, and the blood thiocyanate levels have been between 6.3 mg. 
and 31.4 mg. per 300 e.c. without any evidence of toxicity, • 

Pig. 1 demonstrates the variations’ in blood pressure before and. after 
therapy with thiocyanate. 



Tl %iUjrvanito W 001 } Pismire before and after Instituting 

1,110 .jan.it „ tr ..xtrnent JJallj dose of the drug and blood levels are also shown. 
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Case 2; — (Fig. 2.) B. TV., a woman, aged 52 years, was admitted to 
tlie clinic April 5, 1938, complaining of precordial pain, headaches, dizzi- 
ness, ;and some tinnitus. She had just been discharged from the ward, 
where the diagnoses were: (a) hypertension and arteriosclerosis, 1 (b) 
enlarged heart, myocardial fibrosis, and coronary sclerosis, (c) regular 
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sinus rhythm, (cl) Class III C, and (e) obesity. The blood pressure on 
admission was 170/110. The urine concentrated to 1.022 and was en- 
tirely normal. The phenolsulfonphthalein excretion was 55 per cent in 
three hours. The nonprotein nitrogen oi' the blood was 32 mg. per 100 
c.c., and the sugar, 118 mg. per .100 e.c. ; the blood Wassermann reaction. - 
was negative. The hemoglobin was 75 per cent, the erythrocyte count, 
3.3 million per cu. mm., and the leucocyte count, 8,000 per cu. mm., with 
60 per cent polymorphonuclear cells. A teleroentgenogram revealed 
marked enlargement of both cardiac diameters, and the electrocardio- 
gram showed evidence of myocardial damage and deviation of the 
electrical axis to the left. 

She was placed on a 1,000-calorie diet, and was treated with pheno- 
barbital and a mixture of sodium bromide and chloral hydrate. During 
this time her blood pressure showed marked evidence of fluctuation; the 
systolic pressure varied from 170 to 240, and the diastolic, from 100 to 
140. In addition, the patient, during the period of observation, had 
numerous, sudden attacks of “fainting,” associated with shortness of 
breath and followed by profuse perspiration and vomiting. There was 
also evidence of emotional imbalance during the attacks. 

Some of these attacks which occurred while she was in the clinic were 
observed by us, and had no definite pattern. Neurological examination: 
was reported as negative. There was no evidence of gall bladder dis- 
ease, and the otolaryngologist reported nothing unusual about her 
vestibular apparatus. It was concluded that these attacks were related 
to the hypertension, probably a result of encephalopathy. 

Potassium thiocyanate therapy was stalled after an observation 
period of two years. The initial dose was 0.1 Gm. three times a day., 
The blood pressure at the time was 250/150. One week later the blood 
contained 4.4 mg. of thiocyanate per 100 e.c. and the pressure had fal- 
len to 226/122. The same dose of potassium thiocyanate was continued, 
and the next week the blood pressure was 176/114. The dose was in- 
creased to 0.2 (im. three times daily, and, a week later, the blood pres- 
sure had fallen to 166/108 and the blood thiocyanate level was 8.7 mg. . 
per 100 c.c. She has now been maintained on the thiocyanate treatment 
for almost two years; the thiocyanate level is maintained between 5 mg. 
and 13.3 mg. per 100 c.c. - ' 

This patient still shows marked lability of the blood pressure, with 
wide fluctuations; the general 7'ange, however, is considerably lower, 
in addition, there has been almost complete cessation of the “fainting” 
attacks described above; their occurrence has decreased to intervals of 
several months, whereas previously thc-y had manifested themselves 
twice and three times weekly. 


Case 3.-—(I<ig. 3.) B. R., a man, aged 51 years, was first seen in the 
c inic on Dec. 28, 1937. TJe was admitted with complaints of generalized, 
nommg headaches, poor memory, dizziness, dyspnea, orthopnea, pal- 
pitation, preeordial pain, nocturia, and fatigue. The blood pressure 
on admission was 238/130. A teleroentgenogram revealed enlargement 
01 the , eart . in diameters, accentuation of the left ventricular curve, 
and di atation and tortuosity of the aorta. The electrocardiogram 
showed deviation of the electrical axis to the left. A pyelogram made at 
anothei hospital, had been reported as showing some shagginess of the 
calyces of the right pelvis. Excretion pyelograms made when the pa- 
,ien v as admitted to the ward showed that both kidnevs were normal in 
size, shape, and position. The pelves, calyces, and ureters were normal 
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on both sides. The electrocardiogram showed sinus rhythm and devia- 
tion of the electrical axis to the left. The blood Wasscrmann reaction 
was negative, the hemoglobin was 85 per cent, the erythrocyte count was 
4.65 million, and the leucocyte count was 6,600 per cu. mm., with 80 per- 
cent polymorphonuclears and 20 per cent lymphocytes. The nonprotein 
nitrogen of the blood was 31 mg. per 100 c.c., the creatinine, 2, and the 
uric acid, 3.6. The urine had a specific gravity of 1.018 and contained 
a trace of albumin. Occasional hyaline and granular casts were seen 
on microscopic examination, as well as an occasional erythrocyte and 
2 to 3 leucocytes per high-power field. 

After a period of observation of slightly over three years, during 
which time the systolic blood pressure was persistency at 190 to 260 
and the diastolic at 130 to 150, he was started on potassium thiocyanate 
therapy. The initial dose was 0.1 6m. three times a day, and, after, 
a week, a blood level of 4 mg. of thiocyanate per 100 c.c. was reached. 
The blood pressure, however, remained at 257/140. On the same dose, 
a week later, the blood pressure was 232/140, and the blood thiocyanate, 
4.2 mg. per 100 c.c. Slight dermatitis of the scalp was noted, but It 
was decided to continue the thiocyanate therapy, and the dose was in- 
creased to 0.2 6m. three times daily. A week later, the thiocyanate 
level in the blood was 6.9 mg. per 100 c.c., but the blood pressure re- 
mained elevated (226/130). The dermatitis had disappeared, and the 
patient claimed that he was better, because the' severe headaches had 
abated, so the dose was increased again to 0.3 6m. three times daily. 
There was no increase in the blood thiocyanate; the concentration re- 
mained at 6.45 mg. per 100 c.c. The blood pressure was still high, so 
that lie was given 0.4 6m. three times a day, a total of 1.2 6m. daily. 
This time he reached a level of 10.8 mg. thiocyanate per 100 c.c. There 
was no perceptible lowering of the blood pressure. The dose of 1.2 6m. 
daily was continued for two weeks, when he began to have some nausea 
and loss of appetite, and it. was decreased to 0.3 6m. three times a day, 
lowering the concentration of thiocyanate in the blood to 5.5 mg. per 
100 c.c. The blood pressure had not been lowered at all, but, since the 
patient stated that he felt better while taking the medicine, it was con- 
tinued. 

Case 4. — (Fig. 4.) M. D., a woman, aged 52 years, was admitted to 
the clinic Jan. 9, 1940, with headache, giddiness, dyspnea, palpitation, 
and precordial pain radiating to the left shoulder. The blood pressure 
was 212/108. Fluoroscopic examination revealed that the heart was 
normal in size and the chambers normal in contour. The electrocardio- 
gram revealed no abnormalities. The blood nonprotein nitrogen was 36, 
the creatinine, 1.7, and the uric acid, 3.7 ing. per 100 c.c. The urine 
specific gravity was 1.015 ; the urine contained a very faint trace of albu- 
min, and on microscopic examination, a few clumps of leucocytes were 
seem Ihe diagnosis was essential hypertension with no evidence of 
cardiac involvement. 

After a short period of observation, during which the blood pressure 
was between 204 and 212, systolic, and 108 and 118, diastolic, she was 
placed on thiocyanate treatment. The usual initial dose of 0.1 6m. 
three times daily was given for one week, and she returned to the clinic 
comp ainmg of nausea, vomiting, loss of appetite, dizziness, and weak- 
ness The blood pressure had fallen to 154/92, and the thiocyanate 
was found to be 12.o mg. per 100 c.c. blood. The potassium thiocyanate 
was discontinued and then started again in a dose of only 0.1 6m. daily. 
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The blood pressure has . remained low with a dose varying between 0.1 
Ctm. daily and 0.1 Gm. twice daily; the systolic ranged between 150 and 
160, and the diastolic, between 90 and 100. The thiocyanate concentra- 
tion in the blood with this dose has varied between 5.9 and 7.3 mg. per 
100 c.c. Ten months after, the thiocyanate had been started she de- 
veloped a dermatitis, and the drug was stopped, whereupon the blood 
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pressure rose to 210/120. After the dermatitis cleared up, thiocyanate 
treatment was started again and the blood pressure fell to the previous 
low level. 

Case 5. — (Fig. 5.) E. P., a woman, aged 62 years, was admitted to 
the clinic Oct. 24, 1939, with a history of nocturnal attacks of paroxysmal 



Fig;. 5. — Course in Case 5. 
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dyspnea and substernal oppression of eight months’ duration. The heart 
on roentgenologic examination was enlarged in all diameters ; there was 
accentuation of the left ventricular curve, and the size and shape of the 
aorta were within normal limits. The blood AYassermann reaction was 
negative, the nonprotein nitrogen was 45 mg., the sugar, 100 mg., the 
uric acid, 4.4 mg., and the creatinine, 2.7 mg. per 100 e.e. The urine 
showed a specific gravity between 1.009 and 1.026, 1 plus albumin, and 
an occasional granular cast. The electrocardiogram showed regular 
sinus rhythm and deviation of the electrical axis to the left. 

After a control period of seven months, during which the blood pres- 
sure ranged' between 160 and 210, systolic, and 100 and 140, diastolic, 
she was started on potassium thiocyanate therapy. In spite of an ade- 
quate concentration of thiocyanate in the blood, there was no appreciable 
lowering of the blood pressure. This can best be appreciated bv a study 
of the chart, in which it is to be noted that, although occasionally there 
was a lowering of the blood pressure during thiocyanate therapy, similar 
changes occurred with nonspecific treatment. 

■ " , COMMENT 

These cases have been selected to demonstrate the results obtained 
in the entire series. Approximately fifty per cent of the patients 
showed an appreciable lowering of the blood pressure. A few of the 
patients, as in Case 3, claimed to be subjectively improved while taking 
the thiocyanate in spite of maintenance of the high level of blood pres- 
sure. ; This is a factor that is very difficult to evaluate, and may be en- 
tirely suggestive. 

Case 4 illustrates the fact that optimum blood levels can be main- 
tained with comparatively small doses. Moreover, dangerously high 
blood concentrations may be reached with average doses. The impor- 
tance of determining the thiocyanate concentration in the blood at 
fairly frequent intervals during therapy cannot be stressed too strongly. 

The marked lability of the blood pressure in all of the cases can be 
seen from a study of the figures. Although, occasionally, lowering of the 
blood pressure is observed during treatment, similar instances are seen 
to have occurred without any specific therapy. 

This illustrates the importance of an adequate period of observation 
of the patient on various methods of treatment before studying the value 
of. any newer form of therapy. 

No fatalities and no dangerous toxic effects were observed. This is ac- 
counted for, by the fact that the patients were seen every week during 
the first few weeks of thiocyanate therapy, and frequent blood thio- 
cyanate determinations were made. In this way, early toxic symptoms, 
as well as the appearance of an abnormally high blood level, could be 
detected and treated before dangerous symptoms supervened. 

EXPERIMENTAL WORK 

In the course of our studies, it occurred to us that, since the patients 
were taking the drug in divided doses, blood specimens taken in vary- 
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mg time relation to the ingestion of! the drug might give us different re- 
sults with respect to the thiocyanate content, of the blood. It was de- 
cided to study this possibility in the following manner: After the pa- 
tients had been stabilized with regard to the thiocyanate dosage and blood 
level, they were asked to come to Ihe laboratory in the morning before 
talcing any of the drug. On arrival at the clinic laboratory, a blood 
specimen was removed which we termed the “fasting specimen,” The 
patient then took the prescribed dose and specimens were removed at 
one-, two'-, and three-hour intervals. A second dose of the drug was 
again administered, and blood specimens removed one hour and three 
hours later. All six specimens were then analyzed for their thiocyanate 
content. As is evident from a study of the figures in Table I, there was 
no material change in the blood concentration throughout the twenty- 
four hours, irrespective of the amount of Ihe drug that the patient was 
taking. 

TA1!!jF. 1 

Blood Thiocyanate Levels 


CASE 

NUMBER 

KASTINO i 
SPECIMEN 1 

i ! 

ONE HOUR 
AFTER 
FIRST DOSE 

TWO HOURS 
AFTER FIRST 
DOSE 

THREE 

HOURS AFTER 
FIRST DOSE 

ONE HOUR 
AFTER 

SECOND DOSE 

three 

HOURS AFTER 
SECOND DOSE 

My. pur 100 c.c. Blootl 

1 

t Mo A | 

12.0 

12.0 

12.0 1 

13. 8 I 

■ 111 

2 

12.9 

12.0 

12.9 

12.0 

. 12.9 


o 

’J 

.0.7 ! 

10.3 

10.8 

11.4 

10.3 


** 4 

i 18.0 1 

18.0 

19.0 

10.0 

10.3 



Whether or not the blood concentration of thiocyanate varies ap- 
preciably throughout the day was checked in still another fashion. This 
time hospitalized patients were utilized, and blood specimens were taken 
at 4 r hour intervals during the day; that is, at 8:00 a.m., 12 M., 4:00 
pal, and 8:00 I’.M., irrespective of the time at which the medicine was 
taken and regardless of the frequency of administration, whether twice 
or three times daily. 

Ihe results of this study are tabulated in Table II. Here again there 
vas a fairly constant level of the thiocyanate concentration in the blood 
throughout the day. 


Table n 

Bi.ooi» Thiocyanate Levels at Intervals Duiuno the Pay, Irrespective or the 
Time at Which the Medicine Was Taken 


CASE NUMBER \ 8;QQ A .M. j y , ^ | 4 ; q(j p. Mj j 8:00 IVM. 


My. per 100 c.c. Blood 


0.9 

7.3 

4.S 

7.3 

12.1 

11.8 

12.5 

- 

7.7 

9.3 

8.2 

— 

S.4 

8.7 

8.0 

S.9 

5.9 

0.3 

0.5 

0.3 

4.i 

5.3 

5.0 

5.0 
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The constancy of the blood level made it appear that absorption and 
excretion occurred at equal rates. We therefore decided to study this 
problem further by comparing the daily twenty-four-hour urinary out- 
put. of the drug with the daily intake. 

URINARY EXCRETION OF THIOCYANATE COMPARED WITH DA1UY INTAKE 

For the purpose of this study, six patients were hospitalized so that 
they could be observed closely and ail of their urine collected. The dose 
of thiocyanate in Cases 1, 2, 3, and 4 -had previously been ascertained, 
so that an optimum blood concentration had been reached. In Cases 5 
and 6, as can be seen from the rising blood concentration, the patients 
had just started on the drug. In all patients, a daily blood concentra- 
tion was determined, and the entire urinary output in each twenty-four 
hours was collected separately. By filtering the urine through animal 
charcoal, a clear solution was obtained, and the concentration of thio- 
cyanate was easily determined. The daily output could then be calcu- 
lated. 

Table III 


Composite Study* of Daily Intake of Thiocyanate, the Blood Concentration, 

and the Urinary Excretion 


DATE 

DAILY 

DOSE 

BLOOD 

CONCEN- 

TRATION 

URINE 

AS KCNS. 

(gm.) 

AS CNS. 
(MG.) 

VOLUME 

(C.C.) 

MG. CNS. 
PER 100 c.c. 

TWENTY- 

FOUR-HOUR 

OUTPUT 

(MG.) 

S/ 7/41 

mmm 

239 

7.4 




S/ S/41 


239 

7.4 

1,100 

11. s 

129.8 

S/ 9/41 

■L* ■ j 

239 

S.4 

1.900 

11.8 

224.2 

S/10/41 

0.4 

239 


1,500 

4.3 

64.5 

S/ll/41 

0.4 

239 


1,400 

6.5 

91.0 

8/12/41 

0.4 

239 

S.O 

1,900 

4.9 

93.1 

S/13/41 

0.4 

239 

7.9 

1,400 

4.5 

63.0 

8/14/41’ 

0.4 

239 

S.4 

1,000 

3.7 

37.0 


*The subject of this study was B. AV., a woman, aged 51 years (Case 1). 


In Case 1 (Table III), on a constant daily dose of 0.4 Gin. of potas- 
sium thiocyanate, or '239 mg. calculated as thiocyanate ion, a fairly con- 
stant blood concentration was maintained; the variation was from 7.4 
to 8.4. However, marked variation was found in the urinary output, 
namely, from as low as 37 mg. to as high as 224.2 mg. 

In Case 2 (Table IV), a fairly constant blood level was also main- 
tained; the range was from 6.3 to 8.7 mg. per 100 c.c. Here, again, a 
marked variation in urinary output was found; the figures ranged from 
54.6 mg. to 287.5 mg. 

In- Case 3 (Table V), such marked variation in excretion was not 
found, but the amount excreted was only a small part of the amount 
ingested. 

In Case 4 '(Table VI) there was also marked variation in the urinary 
thiocyanate output. 
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Table IV 

Composite Study* of Daily Intake of Thiocyanate, the Blood Concentration, 

and the Urinary Excretion 


DATE 

daily 

DOSE 

BLOOD 

CONCEN- 

TRATION 

| URINE 

AS KCNS. 
(CM.) 

A»S CNS. 
(MO.) 

VOLUME 

(c.c.) 

1 

; 

MG. CNS. 
PER .100 C.C. 

TWENTY- 
FOUR-HOUR 
OUTPUT 
( MO.) 

7/28/11 

0.2 

358 

8.0 




7/29/41 

0.0 

358 

8.1 

515 i 

15.4 

79.3 

7/20/41 

O.G 

358 

S.7 

f 

1 



7/31/41 

0.0 

358 

8.0 

1,150 

18.2 

209.3 

.8/ 1/41 

0.0 

358 j 

7.1 

700 

30.8 

215.0 

8/ 2/41 

0.6 

358 1 


1.150 

25.0 

287.5 

8/ 3/41 

0.0 

358 

■v-\ 

375 

10.7 

02.0 

8/ 4/41 

0.0 

358 


300 

18.2 

54.0 

8/ 5/41 . 

O.G 

358 1 


700 

10.7 

110.9 

8/ G/41 

0.0 

358 


850 

1 20.0 

170.0 


•The subject of this study was B. G., a woman, aged 65 years (Case 2). 


Table V 

Composite Study* of Daily Intake of Thiocyanate, the Blood Concentration, 

and the Urinary Excretion 


DATE | 

DAILY 

DOSE 

BLOOD 

CONCEN- 

TRATION 

| URINE 

1 

AS KCXS* 
(G'A.) 

! 

AS CNS. 
(MG.) 

VOLUME 

(c.c.) 

MG. CNS. 
PER 300 C.C. 

TWENTY- 

FOUR-HOUR 

OUTPUT 

(MG.) 

7/30/41 

0.2 

mmm 

7,7 




7/31/41 

0.2 






8/ 1/41 

0.2 

120 


500 

13.3 

00.5 

V 2/41 

0.2 j 

120 

0.1 

350 

20.0 

70.0 

8/ 3/41 

0.2 

120 


478 | 

32.2 

58.3 

8/ 4/41 

0.2 

120 

5.1 

325 

13.3 

! 43.2 

8/ 5/41 

0.2 

120 

5.1 

000 

! 13.8 

! 70.8 

8/ 0/41 

0.2 

120 

4.9 

400 i 

10.5 

42.0 

8/ 7/41 

0.2 

120 


425 

1 9.5 

i 39.5 

8/ 8/41 

0.2 

120 i 

mm 1 

400 1 

i 1-4 

20.0 


•The subject of this study was IT. IC, a woman, aged 47 years t Case 2 ). 


Table VI 


Composite Study* 


of Daily Intake of Thiocyanate, the Blood Concentration, 
and the Urinary Excretion 



DAILY 

DOSE 


URINE 

DATE 

AS KCNS. 
(GM.) 


BI-OOD 



TWENTY- 

AS CNS. 
(MO.) 

CONCEN- 

TRATION 

VOLUME 

(C.C.) 

MO. CNS. 
PER 300 c.c. 

FOUR-HOUR 

OUTPUT 

(MG.) 

//51/41 
8/ 1/41 
8/ 2/41 
8/ 3/43 
8/ 4/41 
8/ 5/41 
8/ G/41 
8/ 7/41 

8/ 8/41 


179 

179 

179 

179 

179 

179 

179 

3 79 

179 

0.9 

0.1 

0.1 

0.3 

5.9 

5.7 

0.5 

5.9 

1,050 

1,050 

1,050 

950 

1,400 

1,000 

1,000 

1,000 

8.2 

5.0 

8.7 

3.5 

3.5 

4.0 

5.4 

5.3 

135.3 

52-5 

91.3 

33.2 

40.0 

73.6 

80.4 

84.8 


•The subject of this 


study was AT. a woman, aged 


63 years (Case 4j. 
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Table VII 

Composite Study" of Daily Intake of Thiocyanate, the Blood Concentration, 

and the Urinary Excretion 


DATE 

DAILY' 

DOSE 

BLOOD 
„ CONCEN- 
TRATION 

[ URINE 

AS KCNS. 
(GM.) 

AS CNS. 
(MG.) 

VOLUME 

(c.c.) 

MG. CNS. 
PER 100 C.C. 

TWENTY- 

FOUR-HOUR 

OUTPUT 

(MG.) 

S/ 7/41 

0.3 

179 

1.7 

1,725 

2.1 

36.2 

8/ S/41 

0.3 

179 

2.4 

LS50 

3.0 

55.5 

8/ 9/41 

0.3 

179 

2.7 

2.400 

2.1 

50.4 

S/10/41 

0.3 

179 


1,S00 

4.3 

77.4 

S/ll/41 

0.3 

179 





S/12/41 

0.3 

179 

4.3 

950 

9.1 

S6.4 

8/13/41 

0.3 

179 

4.5 

2,000 

3.7 

74.0 

S/14/41 

0.3 

179 

5.0 

2,000 

3.6 

72.0 

S/15/41 

0.3 

179 

4.7 


5.3 


S/1G/41 

0.3 

179 

5.3 

1,S70 

4.7 

87.9 

S/17/41 

0.3 

179 


2,000 

3.9 

78.0 

S/1S/41 

0.3 

179 

6.9 

2,000 

5.1 

102.0 


•The subject of this study was B. R., a man, aged 51 years (Case 5). 


Table VIII 

Composite Study* of Daily Intake of Thiocyanate, the Blood Concentration, 

and the Urinary Excretion 


DATE 

DAILY 

DOSE 

BLOOD 

CONCEN- 

TRATION 

| URINE 

AS KCNS. 
(GM.) 

AS CNS. 
(MG.) 

VOLUME 

(C.C.) 

MG. CNS. 
PER 100 C.C. 

TWENTY- 

FOUR-HOUR 

OUTPUT 

(MG.) 

7/2S/41 

0.3 

179 

1.8 




7/29/41 

0.3 

179 


550 

3.3 

18.1 

7/30/41 

0.3 

179 

3.6 

480 

25.0 

120.0 

7/31/41 

0.3 

179 

3.3 




S/ 1/41 

0.3 

179 

4.0 

960 

575 

52.8 

8/ 2/41 

0.3 

179 

4.3 

1,020 

5.6 

57.1 

8/ 3/41 

0.3 

179 


900 

5.6 

50.4 

8/ 4/41 

0.3 

179 

5.4 

1,080 

6.9 

74.5 

S/ 5/41 

0.3 

179 

5.3 

640 

9.3 

59.5 

S/ 6/41 1 

0.6 

35 S 

5.6 

420 

6.7 

28.1 

8/ 7/41 

0.6 

35S 

6.1 

000 

8.2 

49.2 

8/ 8/41 

0.6 

358 

7.1 

700 

6.3 

44.1 

8/ 9/41 

0.6 

35S 

11.1 

600 

6.5 

39.0 

8/10/41 

0.6 

35S 


600 

5.9 

35.4 

8/11/41 

0.6 

358 

8.G 

600 

4.3 

25.8 

8/12/41 

0.6 

358 

11.1 

650 

S.6 

55.9 

8/13/41 

0.6 

35S 

12.1 

175 

15.4 

26.9 


•The subject of this study was I. L., a man, aged 58 years (Case 6). 


In Cases 5 and 6 (Tables VII and VIII), the patients had been started 
on the drug. As can be seen, the blood concentration shows a steady 
rise to the optimum level. In Case 6, an increase in the daily dose was 
required. Here again no correlation between urinary excretion and the 
dosage was found. 

This marked variation in the urinary output is rather difficult to ex- 
plain in view of a fairly constant maintenance of the blood level. We 
must conclude, that other excretory routes are probably utilized. Gold- 
ring and Chasis, 30 in comparing the urinary output of thiocyanate with 
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llic daily intake, without following Ihe blood levels, also concluded: 
“there appears to be a distinct lack of relationship between the average 
amount excreted per day and the average administered per day.” 


DISCUSSION 


The mechanism of the action of the thiocyanates in the reduction of 
blood pressure is not clearly understood, llcaly 25 observed a marked 
lowering of blood pressure in his cases, and, in some experiments on rab- 
bits, obtained a strongly positive reaction for thiocyanate in the adrenal 
cortex. This led him to conclude that the effect is similar to a hypo- 
adrenia. Lindberg, Wald, and Barker 10 gave toxic doses of thiocyanate 
to dogs, and obtained blood levels of 20 to 00 mg. per 100 c.c. They 
found a marked lowering in blood cholesterol, a fall in blood proteins, 
a definite fall in hemoglobin, hematocrit, reading, and erythrocyte count, 
an aplastic condition of the hone marrow, and fatty degeneration of 
the liver. Routine examination of the myocardium, kidneys, spleen, 
pancreas, lungs, and thyroid showed no gross or microscopic alterations. 
Anatomic changes in the adrenals were lacking. Analysis showed no 
greater amount of thiocyanate in t his organ than in the others. Blood 
studies in reference to sugar metabolism, sodium, potassium, and chlo- 
rides failed to disclose any evidence of change in adrenal function. 
They concluded: “We are unable to support t ho impression of Jlealy 
that hypondrenia may be the principal feature of the toxicology of the 
thiocyanates.” 


The recent work of Cavincss and his associates 1 * is of interest. They 
report that thiocyanates are naturally present in the body in a much 
higher concentration than any other known depressor substances. They 
found a natural concentration of thiocyanate in 241 persons to whom 
the drug had never been administered of 0.31 to 2.55 mg. per 100 c.c. of 
blood, and that the blood pressure varied in inverse ratio to the blood 
thiocyanate concentration. They suggest that the thiocyanates help to 
counterbalance the effects of the pressor substances in Ihe body, and 
conclude that the use of thiocyanates in hypertension need no longer 
be regarded as empirical. 

iJospitc the accumulation of reports of thousands of patients treated 
■with thiocyanate without fatality, death occasionally occurs, as in the 
case reported recently by Russell a ml Stahl.- 7 Extreme caution should 
be used in selecting patients for treatment. Their patients would seem 
to ha\e been a poor choice because of the greatly diminished kidney 
function, as evidenced by a urea clearance of 27 per cent of normal, a 
nonprotein nitrogen of 43 mg. per 100 c.c. of blood, and 3 plus albu- 
minuiia. I* urlhermore, poor judgment was shown in continuing the ad- 
ministration of thiocyanate to their patient when a level of 15.2 mg. 
had been reached. This is particularly important in view of the fact 
that the dose had not been changed, and that one week previously his 
blood level had been 4.5 mg. Such a rapid rise in blood concentration 
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is certain evidence of faulty excretion and cumulative action, and in- 
dicates immediate cessation of the drug. One ean only conclude, as do 
Mandelbaum 28 and Ayman, 20 that this was an unfortunate choice of a 
patient, rather than a condemnation of the drug. 

SUMMARY AND CONCLUSIONS 

1 . Thirty-nine ambulatory patients with hypertension were treated 
with thiocyanate. Approximately fifty per cent showed an appreci- 
able lowering of the blood pressure, and a few others reported sub- 
jective improvement without any lowering of the blood pressure. 

. 2. Ambulatory and hospital patients who were receiving potassium 
thiocyanate for hypertension were studied to ascertain whether the blood 
concentration of the drug varied during the day, or was affected by the 
relation of the time of ingestion to the time of taking the blood. 

3. .The blood level of thiocyanate remains fairly constant through- 
out the day. 

4. Further studies were made to ascertain whether any relation ex- 
isted between the daily intake or the blood concentration, on one hand, 
and the urinary output, on the other. 

5. There is no correlation between the urinary output of thiocyanate 
and the daily intake or the blood concentration. 

6. The exact mode of action of thiocyanate in hypertension is not 
clearly defined, and should be the subject of further investigation. 
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POSTERIOR BASAL CARDIAC INFARCTION AFFECTING A 
YOUNG MAN, FOLLOWED A YEAR LATER BY ANTERIOR 

APICAL INFARCTION 

Cleo C. Shuglenberger, M.D.A and Harry L. Smith, M.D.i 

Rochester, Minn. 

T HE incidence of coronary thrombosis among young adults has be- 
come of increasing importance in recent years. Accordingly, we are 
reporting a case in which two attacks of coronary thrombosis took place 
just a year apart, the initial one when the patient was 39 years of age, 
and the second when he was 40 years. In addition, we have sought to 
collect the total number of cases of coronary occlusion among persons 
less than the age of 41 years which have been reported to date. Further- 
more, we are publishing the electrocardiograms in our case beeause 
seldom is so distinct a demonstration available of the role which electro- 
cardiography plays in determining the presence of myocardial infarc- 
tion, its location, and the existence of the myocardial damage which 
remains after the acute process has progressed to healing. 

In 1939, Master, Dack, and Jaffe, 1 reviewed 500 cases of myocardial 
infarction due to coronary thrombosis, including thirty-nine cases (7.8 
per cent) in which the patients were less than the age of 40 years. 
Also, they cited literature including 221 instances of this condition 
among relatively young patients. Of these 221 patients, 106 were less 
than 40 years of age and 115 were less than 41 years. Inasmuch as 
none of their references bore a date later than 1938, our survey of the 
literature concerning coronary occlusion among persons less than 41 
years of age has covered the years 1939 to 1943, inclusive. The series of 
Buchanan, Indelicato/and Primavera, 2 reported in 1939, included seven 
patients less than the age of 41 years. In the same year, Goodson and 
Willius 3 cited thirty cases of coronary thrombosis among patients less 
than the age of 40 years. In a study published in 1942, based on 100 
patients, Smith, Sauls, and Ballew 4 found five who were less than 40 
years of age. Bancker, 5 also in 1942, reported a series including five 
patients less than 40 (or 41, possibly) years old. Six isolated 'reports 
of cases 0 - 11 have appeared since 1939; all six of the patients were in 
the third decade of life. In reviewing cases encountered at the Mayo 
Clinic since 1939, we found that five cases of undoubted coronary occlu- 
sion, including the case we are reporting, occurred among patients less 
than 40 years of age; two of these patients were 38 and three were 39 
years of age. Moreover, two reports of cases 12 - 13 in foreign journals 
were li sted in the Quarterly Cumulative Index Medicus, but copies of 
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Ihc journals were not available to us. Exclusive of the latter, as far 
as our search disclosed, 31S ensos of coronary occlusion among persons 
less than the age of 41 years have been reported to date, (Since this 
paper was written, French and Dock” have reported data on eighty cases 
of fatal coronary arteriosclerosis in young persons between the ages of 
20 and 36 years.) 

REPORT OF CASK 


On 'March 0, 39-12, a man, aged 39 years, who gave no history of 
angina pectoris or hypertension, was admitted to the hospital complain- 
ing of severe, constricting substernal pain which had been present in- 
termittently all of the previous night to such degree that he had been 
unable to sleep. 

On examination, the patient was in obvious distress and had moderate 
pallor, but he exhibited no signs of shock, Results of examination of 
the lungs were negative. Examination of the heart revealed sounds of 
somewhat diminished intensity, normal rhythm, and a rate of 90 heats 
per minute. The blood pressure was 124/00. There were no other 
physical signs of significance. The leukocytes numbered 34,500 per 
cubic millimeter of blood. The erythrocyte sedimentation rate was 30 
mm. at. the end of one hour (Westergren). An electrocardiogram on the 
day of admission (Fig. 1. a) was characteristic of infarction of the pos- 
terior basal portion of the left ventricle. 


During the next five days the patient’s temperature was elevated, and 
sometimes reached 101° F. The erythrocyte sedimentation rate rose to 
47 mm. in one hour on the third day, and 110 mm. in one hour on the 
fourth day. The electrocardiograms continued to show a classical Q,T 3 
pattern. Bv March 11, partial (2:1) heart block had developed, with 
a P-Ji interval of 0.26 second (Fig. 1, b, head 111). This was still 
present ihc following day, although the P-R interval had shortened to 

0. 24 second. The block had disappeared by March 34. It was believed 
that the patient had suffered a massive myocardial infarction and that 
the prognosis was grave. However, after the first week, his recovery 
was rapid. The erythrocyte sedimentation rate had dropped to 55 mm. 
in one hour by March 24. The abnormality of the tS-T segment progres- 
sively subsided (Fig. 1, c). The electrocardiogram on March 27 (Fig. 

1, a) showed a typical late Q,T, pattern. The patient was dismissed 
lrom the hospital on March 30. 

The man was seen at intervals during the ensuing year, and his prog- 
less seemed satisfactory. In electrocardiograms taken on May 15, and 
♦July 16, 3942, and on Fob. 24, 1943 (Fig. 1, c), there was no deviation 

lrom the late Q 3 T 3 pattern. ’ 

On March 13, 1943, 1 lie patient, now aged 40 years, was awakened 
lrom sleep at o:00 a.m. by pain, without, extension ‘in the left shoulder. 
bliortJj, however, lie began to have a bandlike constricting pain in the 
substernal region and the epigastrium; the pain became progressively 
severe. He was seen at 8:00 a.m. and was given i/, grain (0.010 Gm.) 
of morphine, followed by 1/100 grain (0.00065 Gm.) of glvcervl trini- 
trate, neither of which relieved the pain. On admission to the hospital, 
the heart tones were of good quality, the cardiac rate was 90 heats per 
minute, and the rhythm was regular. The blood pressure was 120/S4. 

he lungs were negative. The leukocytes numbered 19,000 per cubic 
millimeter of blood, and the erythrocyte sedimentation rate was 19 mm. 
m one hour. The electrocardiogram (Fig. l. /), compared to the last 
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previous tracing (Fig. 1, e), revealed marked decrease in the amplitude 
of the T waves in Leads I, IYR, and C1L, and diminution in the depth 
of the inverted T waves in Leads II and III. 

The patient was still in considerable distress at noon, seven hours 
after the onset, and repeated doses of morphine were required to control 
the pain. Vomiting occurred several times in the first few hours. With 
morphine and oxygen, the man was kept reasonably comfortable and 
the pain had subsided by midafternoon. It was believed that he had 
suffered a secondary coronary occlusion, and that this time the infarction 
was involving the anterior apical portion of the left ventricle, as indi- 
cated by the electrocardiographic changes. 

On March 14, 1943, the heart tones were of poor quality, there was 
gallop rhythm, a loud pericardial friction rub was audible, and the apex 
had moved out beyond the nipple line. These signs suggested marked 
dilatation of the left ventricle. The blood pressure was 110/80. There 
were moist rales at the bases of the lungs. Treatment with digitalis 


3 - 9-42 3 - 11-42 3 - 18-42 3 - 27-4 2 2 - 24-13 3 - 13-43 3 - 15-43 3 - 22-43 



Fig. 1. — Electrocardiographic patterns indicative of posterior basal infarction of 
the left ventricle, followed a year later by anterior apical infarction: 

a , .Lengthened Q* ; elevated S-T: and S-T 3 , depressed S-T,; inverted T 3 and diphasic 
T-; depressed S-T segment in Leads IVR and CR*>. 

verted Delayed A " V conduction °' 26 second* in Lead III); T* now frankly in- 

. c, S-T segments returning toward isoelectric line. 

/> Further progress of S-T segments toward isoelectric level. Note increased ampli- 
tude of inverted T: and Tj, and reciprocal, increased positivity of Ti ampn 

e. Seventeen days before second occlusion. Typical late Q3T3 pattern 
ft Tracing on day of second occlusion. MTarked decrease in amnlitndA nf t 
L eads I, IVR, and CR- ; also, decreased negativity of T- and T, amplitude of T in 

g. Elevated S-T segments in Leads I and CR-,' depressed S-Ts 1 T invprfwi in t 
I and IVR ; decreasing negativity of T- and T: 1 ±3 ’ 1 inverted m Leads 

b S-T segment deviations more marked in ail leads. Pattern is now ciuite tvninllv 

infarction? 1 an apiCal infarction superimposed on the previous posterio^b^Sl 
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was instituted. On the next day, the erythrocyte sedimentation rate had 
risen to 80 mm. in one hour. 

On March 22, severe anterior thoracic pain recurred and extended 
into both arms. This symptom was accompanied by pallor and sweat- 
ing, and the pulse became feeble and rapid. The blood pressure was 
86/72. It was believed that the infarct had extended and that a fatal 
issue was inevitable. However, on the following day the patient ap- 
peared definitely better; the heart tones were -of better quality and the 
rate was slower. This improvement continued, although the erythrocyte 
sedimentation rale rose to 306 mm. in one hour on March 26. 

After the attack of March 13, 1043, the electrocardiograms had con- 
tinued to show a progression of changes indicating that the pattern of 
infarction of the anterior apical portion of the left ventricle was being 
superimposed on that of the previous posterior basal infarction. In the 
tracing on Starch 15 (Fig. 1, <j), there had been an elevated S-T seg- 
ment and an inverted T wave in Lead I, depression of the S-T segment 
in Lead III, and flattening of the previously inverted T waves in 
Leads II and III, and the outstanding changes in the chest leads con- 
sisted of an inverted T wave in IVR and elevalion of the S-T segment 
in CR,. All of these changes had been more marked in the tracing taken 
on March 22 (Fig. 1, h). 

On April 11, the patient comjilained of vague pains in the anterior 
part of the thorax which were worse with inspiration and limited the 
respiratory excursions. He had a chill and his temperature rose to 
101° F. That evening there were physical signs of consolidation over 
the lower part of the left lung, posteriorly. The leukocyte count was 
20,600 per cubic millimeter of blood. A roentgenogram of the thorax 
revealed opacity over the lower half of the left pulmonary field, with 
evidence of some fluid. These abnormalities were interpreted as being 
due, in all probability, to consolidation subsequent to pulmonary em- 
bolism and infarction. The patient tolerated this complication un- 
usually well; there was no febrile reaction after the first day, and 
specific treatment was not necessary. The physical signs gradually 
resolved. 

The remainder of the patient’s stay in the hospital was uneventful, 
as gradual improvement took place. On April 19, the erythrocyte 
sedimentation rate had dropped to 44 mm. in one hour. The hearty re- 
mained enlarged, with the apex beat visible in the anterior axillary line. 
A loud, blowing, systolic murmur developed and persisted at the apex. 
Lleetrocardiograms taken later than those shown in Fig. 1 revealed a 
combination of the late Q,T, and late T, patterns; the S-T segments in 
all leads had returned to the isoelectric level. The patient was dismissed 
ii'om the hospital on May 7. At the time this report was written he was 
a >le to be up and about a small part of the time, but he had practically 
no cardiac reserve and he was close to congestive failure. 

COMMENT 

Hypertension and angina pectoris may be of less frequent occurrence 
in the histories of relatively young patients with coronary thrombosis 
than in the histories of older patients with this condition. Clawson 15 
found that, among forty-eight patients less than 40 years of age who 
had coronary sclerosis severe enough to cause death, 19 per cent had 
accompanying hypertension, whereas, among those 40 years of age or 
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more, 46 per cent liad hypertension. In White’s 16 series there was no 
hypertension among patients (all males) less than 40 years of age, 
contrasting with a .25 per cent incidence of hypertension among patients 
of all ages. White found angina pectoris preceding coronary throm- 
bosis among only 14 per cent of patients less than the age of 40 years, 
whereas, of 125 patients of all ages who had angina, pectoris associated 
with coronary thrombosis, 76 per cent had angina before the thrombosis. 

Smith, Sauls, and Ballew observed cardiac enlargement in .59 per 
cent of their cases of coronary thrombosis. Blaster, Daek, and Jaffe 
found this in 59.8 per cent of patients of all ages, but noted further 
that the incidence of cardiac enlargement was only 35.9 per cent among 
patients less than 40 years of age, and that, regardless of age, its in- 
cidence closely paralleled that of heart failure, which is the principal 
cause of death (considering all age groups) after coronary occlusion. 

Smith, Sauls, and Ballew noted embolic phenomena in 10 per cent of 
their eases. Here again, Blaster, Back, and Jaffe made a critical analysis 
which is illuminating. They observed that, among patients less than 50 
years of age who suffer coronary thrombosis, the most frequent cause of 
death was arterial embolism, either peripheral or pulmonary; the death 
of 53 per cent of the patients in this age group was due to this cause, 
whereas the mortality due to this complication among those aged 50 
years or more was only 12 per cent, and the cause of death was much 
more likely to be heart failure. 


SUMMARY 

According to our search of the literature, 318 cases of coronary 
thrombosis among patients less than 41 years of age have been reported. 
If we were able to validate two additional cases reported in foreign 
journals, the total would be brought to 320. 

Our patient, whose case is here reported, suffered two attacks of 
coronary thrombosis. The first attack occurred at the age of 39 years, 
and resulted in infarction of the posterior basal portion of the left- 
ventricle; the second occurred at the age of 40 years, and caused in- 
farction of the anterior' apical portion. The electrocardiograms depict 
the accuracy with which this diagnostic aid may reflect the presence and 
the location of myocardial infarction. 
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ASSOCIATION OP HYPERTENSION AND MITRAL STENOSIS 

Howard L. Horns, M.D.* 

Minneapolis, Minx. 

C ERTAIN special relationships have been suggested regarding the 
development of hypertension in persons who have mitral stenosis. 
The first of these is that elevated blood pressure tends to ameliorate the 
c lin ical course of the valvular disability. Levine, 1 in considering this 
association, summarizes his views as follows: “Although it may add 
certain symptoms as a result of the hypertension itself, when these are 
not severe, there is reason to believe that it delays the progress of 
mitral stenosis. It is curious that so many patients with mitral, stenosis 
over fifty years of age- have hypertension in addition. I believe that 
hypertension prolongs their lives and enables them to reach the latter 
decades. ’ 7 

Levine suggests two factors as being possibly responsible for the 
beneficial effect which he notes. One is that the hypertension tends to 
induce and maintain enlargement and dilatation of the left ventricle, 
and that this dilatation opposes and delays the contraction of the mitral 
ring. The second factor which he considers is that the superimposition 
of hypertension upon mitral stenosis equalizes the burdens upon the 
two sides of the heart, and thus delays the development of an imbalance 
between them. 

In addition to this salutory influence, it has been suggested that per- 
sons with mitral stenosis develop hypertension with greater frequency 
than do those of the general population. Levine feels that such an in- 
creased incidence occurs in the age range beyond 45 years, but that there 
is a tendency toward decreased blood pressure in the younger group of 
persons with mitral disease. He considers that a possible explanation 
is that the chronic rheumatic infection responsible for the valvular lesion 
may also insidiously produce widespread vascular damage which later 
results in hypertension. However, he thinks it more likely that certain 
persons have what he calls “vascular vulnerability, ” which renders 
them more susceptible to both rheumatic fever and the later development 
of hypertension. 

Although the first of these two relationships is of greater clinical in- 
terest and largely conditions the interest in the latter, it will receive 
only subsidiary consideration here because of the limitations of the 
material available. The primary problem with which the present study 
is concerned is the relative frequency of the development of hyperten- 
sion in persons with mitral stenosis. 
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The literature regarding the question is not voluminous. Boas and 
Fineberg, 2 in reviewing it in 1926, found that Bamberger, in 1857, had 
noted a frequent association of valvular heart disease and granular 
kidneys. Goodhart, in 1880, described the frequent occurence of granu- 
lar kidneys in patients with mitral thickening and stenosis. Pitt, in 
1888, surveying a large necropsy material, reported that one-third of 
females and one-fifth of males with mitral stenosis also had granular 
kidneys. Both Gibson and Coombs had noted the common occurrence 
of high arterial pressure in patients with -mitral stenosis. 

In conjunction with this review of the literature, Boas and Fineberg 2 
reported a study of the blood pressure in 135 eases of mitral stenosis.. 
Using a blood pressure in excess of 150, systolic, and 90, diastolic, as a 
criterion of hypertension, they found an incidence of 29 per cent (thirty- 
nine cases) in their total group whose age range was from 1 year to 
over 60 years of age. Sixty-seven of these were over 40 years of age, 
and, in this age range, the incidence of hypertension was 55 per cent. 
They compared these frequencies with the 11 per cent incidence in a 
group of 3,778 hospital patients who were unselected for age and sex. 

Levine and Fulton 3 studied a series of 762 cases of mitral stenosis 
in which the ages ranged from 5 to over 70 years. One hundred 
fifty-nine of these patients were over 45 years, and, of them, ninety-two, 
or 58 per cent, had hypertension by the same criterion as that employed 
by Boas and Fineberg. Their conclusion was that “with advancing 
years patients with mitral stenosis have vascular hypertension with much 
greater frequency than the average population.” 

Brumm and Smith, 4 however, in reviewing 1,925 patients of all ages at 
the Mayo Clinic, found that only forty -four, or 2.3 per cent, had hyper- 
tension associated with mitral stenosis. Although their criterion of 
hypertension v r as not mentioned, it seems reasonable to assume from 
the fact that the lowest blood pressure in their hypertensive group was 
152, systolic, and 90, diastolic, that it w r as approximately the same as 
that employed in the other two studies. They further concluded that 
the hypertension in these patients exerted no beneficial effect. 

The material for the present study consists of cases of proved mitral 
stenosis, taken from the autopsy records of the pathology department 
of the University of Minnesota Medical School. Because of the possible 
mechanical effects of aortic valvular lesions upon blood pressure, all 
cases in which there w r as accompanying aortic valve involvement were 
excluded. However, in some instances there was an associated mitral 
regurgitation. All were eases of persons who died in Twin City hospitals 
during the period between 1929 and 1940. The blood pressures -were 
taken from the hospital charts, either directly or as recorded on the 
autopsy reports; in those instances in which more than one blood pres- 
sure reading was recorded, the highest value was taken. Cases in which 
the patient was in coma or in which the blood pressure was taken within 
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twelve hours of death were excluded. The final group consisted of 144 
cases with an age range of 20 to 87 years; forty-three (30 per cent) 
were males, and 101 (70 per cent) were females. 

As a control group, a stratified sample of 288 eases, exactly match- 
ing the mitral group with respect to age and sex, was taken at random 
from the records of the out-patient clinic of the University Hospital. 
The blood pressures of these patients were those recorded at their initial 
physical examinations in the clinic. 

Following the precedent of the studies noted* above, a blood pressure 
in excess of 150, systolic, and 90, diastolic, was taken as the arbitrary 
criterion of hypertension. Because of the emphasis upon the factor of 
age by Levine and Fulton, their procedure of dividing the total group 
into two subgroups, with the age of 45 years as the point of division, was 
also employed here. 

These conditions afford two bases of comparison between the mitral 
and control groups and between their respective subgroupings. They 
are first compared with regard to the frequency of the arbitrarily defined 
hypertension, and, second, on the basis of the average values for systolic 
and diastolic pressures. 

The results of the first comparison for the total groups, for the sub- 
group over the age of 45, and for the subgroup under the age of 45 years 
are summarized in Table I. The differences observed are, in all cases, 
slight; the greatest critical ratio was 1.35, and therefore they fail to 
satisfy any of the criteria of statistical significance. In particular, the 
frequencies in which we are the most interested, namely, those for the 
age range over 45 years, are nearly identical for the mitral and control 
groups. As noted, the values are 30 and 31 per cent, respectively. 


Table I 

Incidence of Hypertension in Mitral and Control Groups 



TOTAL j 

OVER AGE 45 j 

UNDER AGE 45 


MITRAL 

CONTROL 

MITRAL 

CONTROL 

MITRAL 

CONTROL 

Number of Cases 

144 

28S 

91 

182 

53 

106 

Number with 

34 

62 

27 

56 

7 

6 

Hypertension 
Percentage with 

23.6 

21.6 

30 

31 

13 

6 

Hypertension 

Standard deviation 

3.6 

2.4 

4.9 

1 

3.4 

4.6 

2.3 


Difference 2 

I Difference 1 

1 Difference 7 


S. D. 


S. D. 


S. D. 



difference 4.33 

difference 5.96 

! difference 5.13 


Critical 


Critical 


Critical 



ratio 

.46 

ratio 

.17 

ratio 

1.35 


This observed difference of 1 per cent is actually in the reverse direc- 
tion from that expected and lias a standard deviation of 5.96, which 
means that the chances that such a difference would occur by the ac- 
cident of random sampling are about eighty-five in a hundred. 
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Table II 


Average Systolic Blood Pressures tor Control and Mitral Groups 



total | 

OVER AGE 45 

UNDER AGE 45 

Control 

Mitral 

Difference 

S. D. difference 
Critical, ratio 

139,80 ± 1.08 
138.9 ± 2.23 
.9G 

2.78 

.34 

148.2 ± 2.34 
144.4 ± 3.02 

3.8 

3.81 

1 

125.5 + 1.79 
129.0 ± 2.88 ■ 

4.1 

3.39 

1.2 ' 

Table III 

Average Diastolic Pressures for Control and Mitral Groups 


total group 

OVER AGE 45 

UNDER AGE 45 

Control 

Mitral 

Difference 

S. D, difference 
Critical, ratio 

85.7 ± .91 

84.4 ± 1.35 

1.3 

1.08 .. 

.75 

88.9 ± 1.09 

80.2 ± 1.75 

2.7 

2.05 

1.32 

80.3 + 2.3 

81.5 ± 2.03 

1.2 

2.3 

.52 


A comparison of the mitral groups with their corresponding controls 
on a basis of average systolic and diastolic pressures (Tables II and III) 
likewise results in small differences which are not statistically signi- 
ficant. The highest critical ratio among these is 1.32. Here, too, the 
observed, slight difference for the subgroup over the age of 45 years is 
actually the opposite of that suggested. For the mitral group, the 
average blood pressure was 344.4 ± 3.02, systolic, and 86.2 ± 1 ./o, 
diastolic, as compared to the control values of 148.2 ± 2.34 and 88.9 ± 1.09. 

An additional check upon the control group, averages of systolic 
and diastolic pressures, weighted for age and sex to correspond with the 
control group employed, were calculated from the values given by 
"VVetherby. 5 These values were ascertained from a study of 5,540 per- 
sons .of the same population from which the control group for the 
present study was selected. The averages thus calculated are 143, 
.systolic, and 86, diastolic, and compare closely with the 139.86, systolic, 
and 85.7, diastolic, found in the present study. It does not appeal 
therefore, that any considerable selective factor was operative in de- 
termining the present control group. 

Finally, the mitral group of 144 cases was divided into those with 
hypertension and those without, and the average age at death of these 
two groups was compared. The average age at death for those vitli 
hypertension was 56.5 ± 2.19, and for those without, 48.9 ± 2.58. The 
difference of 7.6 ± 2.55 may be considered as bordering on statistical 
significance. How'ever, it is not safe to conclude from this that the 
presence of hypertension confers an increased life expectancy upon a 
person with mitral disease. Hypertension and age are not independent 
variables; the former occurs with increasing frequency at higher ages, 
and, for that reason, the selection of a group on a basis of hypertension 
entails the artificial selection of those in the higher age range. 

The objection may be raised that the blood pressures recorded for the 
autopsy group of eases of mitral stenosis are spuriously low because 
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they were taken after the onset of heart failure in most cases, and on 
hospitalized patients, whereas those for the control group were taken 
. largely on ambulatory patients. An attempt was made to avoid the 
terminal fall in blood pressure lw excluding those cases in which the 
recording was made within twelve hours of death. Furthermore, a fall 
in blood pressure with the onset of heart failure with mitral stenosis 
does not appear to be the rule. In considering this question, Fishberg 0 
says, ‘ ‘ Sometimes the systolic and pulse pressure fall slightly. More 
often the onset of heart failure in mitral stenosis is accompanied by a 
rise in the diastolic pressure with a smaller increase in systolic pressure.” 
He also reports, “Lang and Manswetowa found that as a rule a break 
in compensation in cardiac disease is accompanied by a rise in arterial 
pressure which falls again as the heart improves. This was especially 
often the case in mitral disease and emphysema heart. ’ J 

Finally, it seems unlikely that false readings due to the patients’ con- 
dition would, in a group of this size, so exactly counterbalance an actual 
difference as to yield the observed close agreement. 

CONCLUSIONS 

It is somewhat hazardous to draw sweeping conclusions from small 
samples, however rigorous statistical precautions may be exercised. It 
appears, however, that the close agreements which were found in the 
present study between mitral and control groups by all methods of 
comparison justify at least a skeptical attitude toward the assertion 
that there is a higher frequency of hypertension among persons with 
mitral stenosis than obtains in the general population. From the 
evidence presented, nothing can be concluded concerning the effect of 
hypertension upon the clinical course of mitral stenosis. 
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CONGENITAL SUBAORTIC STENOSIS 

Captain' Dennison Voting, M.C., Army of the United States 

T HE infrequency of subaortic stenosis is demonstrated by the fact 
that, since the first, report of Clicvers, 1 one hundred years ago, only 
thirty-two cases have been recorded. Our only knowledge of the in- 
cidence of this congenital anomaly is based on Maude Abbott’s® series 
of 1,000 post-mortem cases of congenital heart disease, in which there 
were twelve (1.2 per cent) instances of true subaortic (infundibular) 
stenosis. Inasmuch as no reports on the incidence of this cardiac lesion 
among the population at. large have been presented, the following series 
of ten cases, discovered during t ho course of examining approximately 
IS, 000 soldiers, is of interest. Although this results in an incidence of 
approximately .05 per cent, the frequency of occurrence among the 
general population is probably somewhat higher, for a certain number 
of such cases were undoubtedly recognized at various induction centers, 
and the men consequently rejected for military service. In this respect, 
therefore, the men examined constitute a selected group. 

PATHOLOGY 

Grossly, the lesion appears as a firm, raised, fibrous ring of tissue 
from 1 to 35 mm. below the base of the aortic valve, usually from 2 
to 4 mm. in height, and extending I to 10 mm. into the ventricular 
cavity. On microscopic examination, it is seen that, this raised band, 
or shelf, is hyalinized connective tissue covered by intact, flattened en- 
dothelium. With Weigerl’s stain, the fibrous tissue has been shown by 
Wigleswortlr" to consist principally of elastic fibers. 

Abbott 4 attempted to classify these cases etiologically into two groups, 
namely, those eases in which the anomaly resulted from a congenital 
arrest of development, and those in which an early postnatal or late 
prenatal inflammatory process was considered to be the cause. A me- 
chanical origin has also been postulated, 3 with the belief that the sub- 
aortic shelf is produced by the impact, of the bloodstream at. this area. 
The most acceptable explanation of the pathogenesis of this lesion is that, 
of Keitli, c who stated that, the raised band represents a remnant or 
“arrest of atrophy ’ 1 of the bulbus cordis. Wigles worth" has pointed 
out that the participation of the endocardial elastica in the formation of 
the ring corroborates the concept of a congenital origin, and renders 
doubtful any possibility of an inflammatory or mechanical cause. Walsh, 
Connerly, and White 7 also think that the lesion is congenital. 

Received for publication Oct. 11. 1943. 
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' CLINICAL DIAGNOSIS 

Clinically, the diagnosis of congenital subaortic stenosis is not a dif- 
ficult one. The patient usually has no symptoms referable to the heart, 
but auscultation and palpation reveal the murmur and thrill of aortic 
stenosis, with a normal or nearly normal aortic second sound; the sound 
is not affected because the lesion does not involve the aortic cusps, but 
is situated below them. The blood pressure and pulse pressure are 
normal, and, consequently, the anacrotic pulse of aortic stenosis is not 
present. "With these observations, in the absence of a history of rheu- 
matic fever or suggestive rheumatic attacks in a young patient, the pos- 
sibility should be suspected. As has been pointed out by Walsh, C 011 - 
nerty, and White, 7 the younger the patient, the more likely null the 
diagnosis be correct. 

If other cardiac defects, congenital or acquired, should be present in 
addition to the subaortic stenosis, the diagnosis will undoubtedly be 
more difficult and uncertain. Only two cases of subaortic stenosis with 
other congenital cardiac defects have been reported, 7 ’ 8 both with bi- 
cuspid aortic valves. In only one of these, 7 however, was an aortic 
diastolic murmur, in addition to the aortic systolic, audible. Appar- 
ently, the authors believed that this resulted from the marked degree 
of deformity of the valve, for, ordinarily, an isolated bicuspid aortic 
valve produces no auscultatory phenomena. 

An unusual number of cases of subaortic stenosis with mitral stenosis 
have been reported by the French writers. 0 ' 12 These, however, appar- 
ently were always of inflammatory origin, probably rheumatic, in which 
a “fish mouth” mitral valve was accompanied either by an extension 
of the inflammatory process from the mitral ring to the subaortic endo- 
cardium, resulting in the formation of a subaortic shelf (Vulpian, 
Liouville, and Rendu), or a thickened aortie leaflet of the mitral valve 
projected below the aortic valve into the ventricular cavity (Lemierre 
arid Bernard). In all cases, the lesion was recognized at post-mortem 
examination only; the clinical diagnosis had been mitral stenosis, with 
or without aortic stenosis. 


MATERIAL 

All the cases were in apparently healthy -young men, ranging from 
19 to 30 years of age. A careful history revealed no previous attacks of 
rheumatic fever, epistaxis, frequent sore throats, “growing pains,” 
or erythema. There was no history of syphilis, and serologic tests were 
negative. Except for two patients who complained of mild to moderate 
exertional dyspnea (Cases 6 and 7), no cardiac symptoms had ever been 
present. All had been in the army for periods of two to twelve months, 
during which time they had been able to perform their duties without 
difficulty. Only one man had any knowledge of a “heart murmur” 
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prior to the present examination. He had been examined by' his private 
physician before induction, - and had been told at that time that he had 
congenital heart disease. • 

Clinical examination of these men showed a striking similarity in all; 
the signs were always consistent v T ith the diagnosis of congenital sub- 
aortic stenosis. A rough systolic murmur, frequently accompanied by a 
systolic thrill, was present, in the aortic area. ( On recumbency, both 
murmur and thrill diminished in intensity, and became more pronounced 
after full expiration with the patient in the upright position. The mur- 
mur was transmitted upward to the carotids, -where it usually became 
louder and rougher. There was minimal transmission of the murmur 
down along the sternal borders, and in no ease was there transmission 
to the apex or posteriorly to the bases of the lungs. In cases in which 
no thrill was detectable over the aortic area there was a systolic thrill 
of slight to moderate intensity and duration over the right carotid artery. 
In those in which a thrill w r as palpable over the second intercostal space 
to the right of the sternum, the intensity and duration were greatly 
increased in the heck. The aortic first sound was moderately obscured 
by. the murmur, but the aortic second sound was clearly audible, varying 
from normal to a slight diminution in intensity. 

In no case were there murmurs elsewhere, nor was there any other 
evidence of additional valvular involvement. Regular sinus rhythm was 
present in all. Unfortunately, radiologic studies could not be made, but, 
clinically, none of the men showed evidence of cardiac enlargement as 
ascertained by percussion and the location and thrust of the apical im- 
pulse. As would be expected with this type of congenital lesion, the 
blood pressure and pulse were normal. There was no peripheral club- 
bing or cyanosis, or evidence of congestive failure. 

DISCUSSION 

Inasmuch as post-mortem studies have not been made in any of the 
cases in this series, some doubt may be entertained concerning the 
validity of the clinical diagnosis. The only other possibility would be 
acquired aortic stenosis of rheumatic or sclerotic origin. In view of 
the negative history for rheumatic attacks, the infrequency of isolated 
rheumatic aortic stenosis at this age, and the absence of other valvular 
lesions and cardiac enlargement, a rheumatic origin is hardly likely. 
The age range of the patients is also strongly against the possibility of 
nonrheumatic, calcific, or sclerotic aortic stenosis. Furthermore, the 
physical signs (presence of the aortic second sound, normal pulse and 
blood pressure, Table I) indicate a lesion that does not involve the aortic 
valve, but must be located proximal to it. 

Although this congenital lesion may be compatible with longevity, as 
evidenced by one of Sternberg’s 5 patients, who lived to the age of 
77 years, the prognosis in the majority of cases is poor. There is a 
marked tendency toward the development of bacterial endocarditis. 
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acute or subacute, at sonic time within the first three decades of 
life. 2 - 3i 7> 8f u Sudden death, with no pathologic changes other than 
t he subaortic ring, has also been reported. 2 ’ 15 In view of this prognosis, 
accuracy of diagnosis and the rejection of such men for military service 
become of paramount importance. 


SUMMARY AND CONCLUSIONS 

Ten cases of congenital subaortic stenosis, discovered during routine 
examination of approximately 18,000 soldiers, arc described; this is an 
incidence of .05 per cent. Since the prognosis is poor, in that most 
such patients eventually develop bacterial endocarditis or die suddenly, 
persons with this disease should be rejected for military service. 
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VARICES OP THE BRONCHIAL VEINS AS A SOURCE OP 
HEMOPTYSIS IN MITRAL STENOSIS 

Frank C. Ferguson, M.D., Richard E. Kobilak, M.I)., and 
John E. Deitrick, M.D. 

New York, N. Y. 

H EMOPTYSIS, as a complication of rheumatic heart disease, has 
several unusual features. Stewart 1 defined these clearly. He 
stressed the blood-streaked sputum, which frequently resembles pure 
blood. The hemorrhage may exceed 500 c.c. Pulmonary infarction and 
signs of congestive heart failure are minimal or absent. The hemoptysis 
may accompany acute exertion, an upper respiratory infection, or auricu- 
lar fibrillation. All investigators agree that the intrapulmonary blood 
pressure is elevated. A satisfactory source for the hemoptysis, which 
would explain all these features, has not been found. . 

Communications between the pulmonary veins and bronchial veins 
have been described. 2 Miller 3 demonstrated these communications by 
injection experiments. We decided to investigate the condition of these 
communications in cases of mitral stenosis in order to see whether sub- 
mucous varices were present. Since the bronchial veins are difficult to 
locate and inject, the injections were made into the pulmonary veins 
with particulate matter too coarse to enter the capillaries. 


procedure 


Lungs fresh from autopsies were injected. The lungs were stored in 
an icebox overnight to- permit loss of rigor, then warmed in an approxi- 
mately isotonic saline solution to 40° C. before injection. A cannula was 
inserted into the pulmonary vein from the lower lobe, through which 
500 c.c. of warm saline solution were forced to wash out the blood. 
The injection mass was then introduced through the cannula at a 
pressure of 80 mm. Hg. This mass was a modification of that origi- 
nally suggested by Schlesinger 4 for heart injections, and consisted of : 


White lead 

Cinnabar 

Sucrose 

Gelatin 

Water 


300 Gm. 
50 Gm. 
120 Gm. 
70 Gm. 
1,000 c.c. 


This mixture was fluid at 40° C. The injection pressure was main- 
tained several minutes after immersing the lung in ice water, and then 
the injected lung was returned to cold storage to allow the mass to 
harden. Roentgenograms were taken of the first few preparations to 
check on the completeness of the injection technique, which was found 
to be satisfactory. 

■ From, the New York Hospital and the Departments of Pathology and Medicine. 
Cornell University Medical College. 
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CONTROL CASES 


There were seven control eases without clinical signs or pathologic 
evidence of mitral stenosis. There were six females and one male, 
aged 26, 39, 47, 59, 59, 62, and 71 years. Three of the patients had hyper- 
tension, but only one had terminal cardiac failure in association with 
uremia. The youngest control was the case of a woman, 26 years of 
age, who died of a self-administered overdose of barbiturates. The 
lung showed the same degree of development of bronchopulmonary 
venous anastomoses and the same pattern of submucosal bronchial 
veins as the lungs of older patients who died from natural causes, All 
these cases exhibited similar features. 





Fig. 1. 


Fig. 2. 


, Fig. 1. — -Typical large bronchus, In the gross. from a 59 -yea! -old. norn V ..,, r( ]| ;iC 
who died In diabetic coma. There was generalized arteriosclerosis but n°.c 
failure. No injected veins are seen, but longitudinal mucosal folds are M- > - 

Bronchial folds.. 

Fig. 2. — Small bronchus from a 2G-year-old, normal woman who died from n~ttrrns 
dose of sedatives. Note the injected bronchial veins, some forming spider-UKc Pai ucrii 
and others with no definite arrangement. A and Ji, Spider-like pattern of tne uron 
chial veins: 

In the gross, the bronchial veins, filled tvith the injected mass, ap- 
peared as orange lines in the bronchial mucosa of the smaller and 
medium-sized bronchi. These veins were conspicuous, and cither 
formed irregular spider-like patterns or had no regular arrangement. 
Pew or no vessels v r ere visible in the larger bronchi. Figs. 1 and- 2 
show typical large and small bronchi in the gross. 



FERGUSON ET AL.<: HEMOPTYSIS IN MITRAL STENOSIS 447 

Many very small injected vessels were seen microscopically in the 
bronchial submncosa. The larger vessels were deeper in the subrnncosa 
and were well separated from the lumen of the bronchus. In the 
spaces between the cartilaginous plates there were larger and more 
deeply-placed vessels. These seemed to connect the bronchial and pul- 
monary veins. In the smaller bronchi, the submucosa was thinner and 
the veins were more superficially placed, making them more conspicu- 
ous in the gross (Figs. 3 and 4). 



Fig. 3. — Section of a large bronchus from a 62-year-old woman, showing the in- 
jected bronchial veins (solid black areas). Note the mucosal" fold often seen in the 
gross. (X90.) A, Injected bronchial veins. B, A mucosal fold. 

The injected material was also seen in the veins of the parenchyma 
of the lung. It did not appear in the pulmonary arteries and capil- 
laries, nor in the bronchial arteries and capillaries. The particles of 
mercuric and lead salts did not enter channels less than 20 microns in 
diameter. 

NONR.HETJMATIC CARDIAC CASES 

There were six cases of cardiac failure in this group. The' ages of 
the patients were 39, 53, 57/58, 63,. and 71 years. Four of the patients 
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had marked hypertension, Math cardiac failure. The 58-year-old pa- 
tient had syphilitic heart disease and aortic insufficiency. He died 
of congestive heart failure. At autopsy there was syphilitic involve- 
ment of the coronary ostia. The sixth patient, aged 63 years, an alco- 
holic, died of congestive failure. The heart weighed 790 grams, and 
there were mural thrombi in the right auricle and left ventricle. There 
was no evidence of coronary occlusion, and the possibility of beriberi 
heart disease was considered. 



— Section of a smaller bronchus from the same case as Fig'. 3. The inucosa 
is thinner and the veins .are more superficial, although of the same size as in th^ 
large bronchi. (X90.) ' ' 

*v 

Three of these patients showed slight dilatation of the bronchial 
veins in the larger bronchi. The veins were definitely more conspicu- 
ous than in the normal controls. Fig. 5 demonstrates these changes. 
The photograph was made from the 39-year-old patient who suffered 
from arteriolar nephrosclerosis and hypertension. He had coughed up 
60 e.e. of frank blood two days before death. The lungs showed some 
small scattered areas of consolidation in both lower lobes, but no areas 
of infarction. The bronchial mucosa was markedly hyperemic. 
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MITRAL STENOSIS CASES 

The patients in this group had histories suggestive of rheumatic 
heart disease, and autopsy reports confirmed the diagnosis of mitral 
stenosis. Eleven such cases were studied. In six there was some evi- 
dence of dilated venous channels, in four of which there were innumer- 
able, wide venous channels running parallel to the lumen in the sec- 
ondary and tertiary bronchi and disappearing in the main bronchus. 
A few important details are summarized as follows : 



' Fig. 5. — Section from a large bronchus from a 39-year-old patient who died of con- 
gestive heart failure as a result of long-standing hypertension and arteriosclerosis. 
Hemoptysis (60 c.c.) occurred twenty-four hours before death. The dilated bronchial 
veins may be seen as large black areas just beneath the surface of the bronchial 
mucosa. 

Case 1. — A 33-year-old woman had had chorea and joint pains at the 
age of 6 years. Mitral stenosis was diagnosed at that time. She was 
hospitalized eleven times thereafter. Auricular fibrillation had been 
present for fifteen years. Her first hemoptysis occurred nine years 
before death. On her last admission there were signs of advanced 
cardiac failure. Autopsy showed involvement of the mitral, tricuspid, 
and aortic valves. The left auricle comprised one-half the volume of 
the heart. The veins of the visceral pleura were dilated and anas- 
tomosed with dilated veins in the diaphragm. The injected specimen 
showed numerous dilated, tortuous bronchial veins in the larger bronchi. 


450 


AMERICAN HEART JOURNAL 


Case 2. — A 36-year-old girl was first found to have an enlarged heart 
and systolic and diastolic murmurs at lhe age of 7 years. Dyspnea 
gradually increased during the next seven years. At the age of 15 
years she became acutely decompensated. The only hemoptysis oc- 
curred lhe day before death. Normal sinus rhylhm was present. She 
died of cardiac failure. Autopsy revealed cardiac hypertrophy, myo- 
carditis, mitral stenosis, and thrombi in both auricles. There was defi- 
nite pulmonary arteriosclerosis, and there were thrombi in the pulmo- 
nary arteries, with infarcts. Marked varices of the bronchial veins in 
the larger bronchi were found on injection (Figs. 6 and 7). 



d ?rT' Ti 1 'r, bronchi from a lG-year-okl sirl -,vith mitral stenosis (Patient 

iA.Ai, ). The dilated bronchial veins are seen, alonir with some mucosal fold., i 
the Idlum, forming a collateral circulation. A, Dilated bronchi*- 
veins. B, Mucosal fold. 


Case 3. — A 33-year-old woman had rheumatic fever in childhood. At 
the age of 23 years she first noticed attacks of tachycardia, and, four 
years later, dyspnea became pronounced. Five months before death 
hemoptysis occurred. There were physical signs of mitral stenosis and 
insufficiency and auricular fibrillation. She developed an acute termi- 
nal pneumonia. The autopsy diagnosis was mitral stenosis and insuffi- 
ciency, hemorrhagic bronchitis, and pulmonary congestion. Because 
of the acute hemorrhagic bronchitis it was impossible to see any di- 
lated bronchial veins in the injected specimen. 
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Cask 4. — This 37-year-old patient had her first attack of rheumatism 
at the age of 12 years. There were no cardiac symptoms until the age 
of 38 years, during her pregnancy, when she developed mild cardiac 
failure. There was no history of hemoptysis. She was admitted with 
signs of acute rheumatic heart disease, mitral stenosis and insufficiency, 
and normal sinus rhythm. Autopsy revealed a large heart and mitral 
stenosis and insufficiency, with calcification of the leaflets. There were 
a few large infarcts in the lungs. The injected specimen showed fine, 
linear veins in the mucosa of the larger bronchi. 



Pig. 7 . — Section of a large bronchus from the same case as Fig. 6 . Note the great 
dilatation of the bronchial veins and their situation close to the lumen of the bron- 
chus. (X90.) 

Case 5. — This girl was 27 years of age. Four years previously she 
was told she had heart disease. She was admitted with subacute bac- 
terial endocarditis. There were signs of mitral stenosis and insuffi- 
ciency and aortic stenosis and insufficiency, with normal sinus rhythm. 
Autopsy confirmed this diagnosis. There were no pulmonary infarcts. 
The injected specimen showed enlarged, slightly tortuous, 'longitudi- 
nally arranged veins near the bifurcation of the larger bronchi. 

Case 6. — This 30-year-old woman had rheumatic fever and chorea at 
the age of 7 years. Rheumatic heart disease was diagnosed six years 
before death. She died, in her eighth month of pregnancy, of acute 
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pulmonary edema. There was no history of hemoptysis. The heart 
rhythm was regular. Autopsy revealed aortic stenosis and insuffi- 
ciency, with only moderate evidence of mitral stenosis. The injected 
lung specimen revealed only slight dilatation of the bronchial veins 
in the major bronchi. 

Case 7. — This 31-year-old man had attacks of rheumatic fever at the 
ages of 8 and 13 years. There was no history of hemoptysis. He was 
admitted to the hospital in congestive heart failure, with signs of both 
aortie and mitral valve involvement and normal rhythm. Autopsy 
confirmed the diagnosis of the valvular lesions. The injected speci- 
men revealed marked injection and dilatation of the bronchial veins. 
The veins were numerous and tortuous, and streamed toward the 
hilum of the lung. 

Case 8. — Tin's patient was a 42-year-okl housewife. There was no 
history of rheumatic fever, but, at the age of *36 years, she was told 
she bad heart disease. There was no history of hemoptysis. The heart 
was enlarged and there were signs of mitral stenosis and insufficiency 
and auricular fibrillation. She died of congestive heart failure, accom- 
panied by bronchopneumonia. At autopsy the mitral valve was typi- 
cally “buttonhole” in character. The injected specimen revealed no 
dilatation of the bronchial veins, and microscopic sections showed only 
moderately dilated veins deep in the bronchial mucosa. 

Case 9. — This 52-year-old woman died of pulmonary infarction and 
rheumatic heart disease. There was no history of hemoptysis preced- 
ing her terminal illness. Autopsy revealed definite mitral stenosis and 
thickening of the leaflets of the aortic valve. The injected lung speci- 
men showed no evidence of dilated veins. 

Case 10. — This man was a 50-year-old hypertensive patient with 
mitral stenosis and insufficiency and auricular fibrillation. Autopsy 
confirmed the diagnosis of mitral stenosis, and there was also pulmo- 
nary arteriosclerosis. There was no definite dilatation of the bronchial 
veins in the injected specimen. 

Case 11. — This patient was 57 years old. Symptoms of decreasing 
cardiac reserve had been present over a period of four years. Three 
weeks before admission he bad hemoptysis and pain in the chest. 
Auricular fibrillation was present, and autopsy revealed mitral stenosis 
and insufficiency, with a dilated left auricle. There was no evidence 
of pulmonary infarction. The pulmonary arteries showed marked 
arteriosclerosis. The injected specimen showed many anastomotic vessels 
in the bronchial mucosa, and the sections revealed large, dilated bron- 
chial veins which lifted the mucosa into the lumen of the bronchus. 

Four of these patients had hemoptysis at some time, but in only one 
case could it he correlated with pulmonary infarction. A marked 
hemorrhagic bronchitis was present in Case 3, and it was impossible 
to detect the presence of dilated veins. Six of the eleven patients 
showed definite evidence of enlarged bronchial veins. Four of these 
six patients showed greatly dilated bronchial veins along the longitu- 
dinal axis of the large bronchi. They were fairly straight and parallel, 
and seemed to stream toward the main bronchus. Fig. 6 shows a 
photograph of a large bronchus from Case 2. The large mucosal folds 
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are visible, as well as the innumerable dilated veins on the surface of 
the mucosa. Fig-. 7 is a section of one of the bronchi, showing the in- 
jected bronchial veins lying just under the mucosal surface. 



Fig-. 8. — Section of a large bronchus from a 56-year-old man with mitral stenosis, 
but no history of hemoptysis (Patient G.Z.). The bronchial veins are somewhat en- 
larged, but not very superficial. (X90.) 

DISCUSSION 

Most authorities seem to agree that there are only capillary anas- 
tomoses between the pulmonary and bronchial circulations. Wiggers 5 
states that there are no functional arterial or venous anastomoses. 
"Wood, Crever, and Miller 6 and Daly 7 also state that there are only 
connecting capillaries on the arterial side. In another article, Berry 
and Daly 8 indicated the further possibility of small arteriole or venule 
connections. The injection mass which we employed was never seen 
in the pulmonary capillaries, and it did not appear in the bronchial or 
pulmonary arteries. The smallest vessels tilled with the mass measured 
approximately 20 microns in diameter. However, the injected material 
passed freely, even in the control cases, from the pulmonary to the 
bronchial veins. The injection pressure used (80 mm. Hg) might 
have been high enough to dilate capillary anastomoses. This seems 
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unlikely because the injection mass did not enter the capillaries in the 
parenchyma of the lung. There must be innumerable venules anas- 
tomosing the bronchial and pulmonary venous beds, both in normal 
lungs and in cases of heart failure. 

Whatever the type of anastomosis, the blood flow ih rough it is thought 
to be from tlu> bronchial to the pulmonary circulations, according to 
Miller , 2 Berry and Daly , 4 and others, although there are no data on 
normal, left auricular pressures in man. We believe that when mitral 
stenosis is interposed, the flow to the left auricle through the pulmo- 
nary veins is hindered, and the pressure in these veins rises above that 
in the right auricle. The blood How through the anastomosis is re- 
versed, and the blood passes from the pulmonary circulation into the 
bronchial veins and back to the right side of the heart, via the azygos, 
hemiazygos, and intercostal veins. The submucosal bronchial veins 
leading toward the main bronchi dilate greatly to handle this col- 
lateral flow, and even become grossly visible. The hemoptysis which 
often accompanies mitral stenosis, yet is not associated with acute 
pulmonary edema or pulmonary infarction, is probably caused by the 
rupture or ulceration of these engorged bronchial veins. This hem- 
optysis resembles massive bleeding from hemorrhoids and esophageal 
varices, which, like the bronchial veins, are submucous shunts between 
large venous drainage areas. A severe coughing spell, mild ulcerative 
bronchitis, or a rise in left auricular pressure could initiate such at- 
tacks of hemoptysis. 

This view differs widely from the explanations previously offered. 
The most frequently suggested opinion was that the extreme conges- 
tion and hypertension of the pulmonary arterial and venous bed even- 
tually caused these vessels to rupture. A long list of writers, including 
W hite , 9 McKenzie , 19 Vaquez , 11 Stewart,' and Ginsberg , 12 have held this 
opinion, which implies simply an accentuation of the diapedesis of 
erythrocytes into the alveoli in heart failure. Wolff and Levine 12 sug- 
gested this same cause, but felt that sclerosis of the vessels might be 
a necessary precursor of the hemorrhage. As Brenner 11 pointed out, 
pulmonary arteriosclerosis frequently does accompany mitral stenosis. 
However, two of our four patients with hemoptysis showed no evi- 
dence of pulmonary sclerosis. Proft, as quoted by Oppenheimer and 
.Schwartz, 1 -' explained the hemoptysis as due to sudden dilatation of 
the lung capillaries, with diapedesis into the alveoli, or to dilatation 
with rupture of the capillaries lining the small bronchioles. It does 
not seem likely that diapedesis into the alveoli could account for the 
sudden profuse hemorrhages which often occur. In all of our cases 
of mitral stenosis there were “heart failure” cells in the alveoli. Only 
one of our four patients with hemoptysis had gross areas of bleeding, 
resembling infarcts, in the lung parenchyma. The vessels of the small- 
est bionchi and bronchioles did not differ from the normal. For this 
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reason it does not seem likely that the bleeding arises from the small 
vessels in the bronehiolar system. 

Estimates of the actual incidence of pulmonary hemorrhage in mitral 
stenosis range from Wolff and Levine’s 10 per cent 13 to Hay and 
Hunt’s 23 per cent. 10 Hemoptysis in mitral stenosis has long been 
recognized as a poor prognostic sign (Wolff and Levine 13 ). The bleed- 
ing, per se, is not dangerous. However, it is the result of long-standing 
and marked mitral stenosis. Hence, the hemorrhage indicates a very 
poor cardiac status and is correlated with a poor prognosis. Our four 
patients with hemoptysis lived one day, four weeks, three months, and 
nine years, respectively, after their initial pulmonary hemorrhage. 
The patient (Case 1) who lived nine years had the most marked evi- 
dence of collateral bronchial venous flow, and a collateral circulation 
had also been set up through the veins of the diaphragm. 

Age has no effect upon the normal capacity of the bronchial veins. 
Our seven controls ranged in age from 26 to 71, and there were no 
observable differences in the size of their vessels. The oldest of our 
mitral stenosis patients was 57, and the youngest, 16 years. Hemoptysis 
occurred in both of these and in two other patients at the age of 33 
years, so that this bleeding shows no age relationships. Hypertension 
also does not appear to affect the normal capacity of the bronchial 
veins unless chronic congestive heart failure occurs. There were no 
changes in the bronchial veins in any of the normal controls, and 
coronary and pulmonary arteriosclerosis did not affect the flow through 
the bronchial veins when it occurred in the patients. 

SUMMARY 

1. A method for injecting the bronchial veins is described. 

2. This method indicates the presence of direct venous connections 
between the bronchial and pulmonary veins in men of all ages. 

3. Mitral stenosis causes dilatation of the bronchial veins in the sub- 
mucosa of the larger bronchi as a result of the establishment of a 
collateral flow through them. 

4. In eases of mitral stenosis in which infarction and acute pulmo- 
nary edema are not present, hemoptysis is probably due to bleeding 
from these dilated veins. 

5. Age, hypertension, and arteriosclerosis do not affect the bronchial 
venous bed, but some dilatation occurs in chronic congestive heart 
failure of long standing, although the only lesion of the mitral valve 
maj^ be dilatation of the valve ring. 

We are indebted to Doctor Jacob Werne for some of tlie autopsy material, and 
to Doctor William Dock for the technique and for valuable material and advice. 
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THE ASSOCIATION OF PAROXYSMAL ATRIAL TACHYCARDIA 
WITH ATRIAL FLUTTER OR FIBRILLATION 

George M. Decherd, M.D., and George R. Herrmann, M.D. 

GAIiVESTON, TEXAS 


I N A RECENT study of our cases of paroxysmal atrial tachycardia in 
which A-Y block was present, 1 we were surprised to note the not in- 
frequent association of paroxysmal tachycardia with atrial flutter or 
fibrillation. Although it is well recognized that flutter and fibrillation 
are frequently associated, and probably are manifestations of mecha- 
nisms which are fundamentally the same, it has been generally felt that 
paroxysmal atrial taehy-cardia is different, specifically and generically, 
and bears no relationship whatsoever to a circus mechanism. Without 
attempting to discuss the fundamental nature of any of these three dis- 
turbances of the cardiac mechanism, we wish to show in this communica- 
tion that this type of paroxysmal tachycardia with A-Y block is 
more intimately associated with flutter and/or fibrillation than has 
hitherto been appreciated. 

Existing evidence on this point is scanty. Hirsclifelder, 2 in experi- 
ments employing faradism of the auricular appendage of the dog, found 
that stimuli of low or moderate intensity gave rise to paroxysmal tachy- 
cardia, whereas intense and prolonged stimulation produced auricular 
fibrillation. This led him to conclude that “true paroxysmal tachy- 
cardia is usually caused by increased irritability of the heart muscle, 
especially of the auricles, which probably pass into a state of fibrilla- 
tion.” This possibility was denied by Levis, 3 although he described in 
great detail a case 4 in which a short period of fibrillation was recorded 
during an atrial paroxysm. He also noted the fact, which must have 
been apparent to many, that atrial premature beats commonly precede 
the ultimate appearance of either paroxysmal tachycardia or fibrillation. 
Also, in experimental animals, rapid, rhythmic stimulation of the auricle 
simulated tachycardia, whereas increased rates of stimulation produced 
flutter or fibrillation. 5 

In 1932, Carr 6 reported a unique instance of paroxysmal tachycardia, 
apparently of A-Y nodal origin, in which short periods of atrial flutter 
interrupted the paroxysms. On a single occasion, pressure on the right 
carotid sheath resulted in a shift from paroxysmal tachycardia to flutter 
with high-grade A-V block. After the administration of V i0 o grain of 
atropine subcutaneously, the tachycardia changed within one minute to 
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flutter; this was soon followed by sinus rhythm with frequent atrial 
premature beats, and short atrial paroxysms appealed later. 

'Brown 7 has also recorded a single case in which paroxysmal atrial 
tachycardia was closely associated with a circus movement. His patient 
was overdigitalized, and, as a result, A-V block appeared, and the 
mechanism was shortly converted to fibrillation. Because of the A-V 
block, the electrocardiograms had been thought by some to represent, 
atrial flutter rather than tachycardia, and Brown resorted to esophageal 
leads to make the differentiation clear. 

Recently, Barker, et al., 8 have described eighteen examples of 
paroxysmal tachycardia with A-V block. Among this group there were 
three patients who also showed flutter or fibrillation. They state that, of 
100 cases of paroxysmal atrial tachycardia, in only five was the patient 
known to have had flutter or fibrillation also; in three of the five, partial 
A-V block was present during the tachycardia. In their Case 2, flutter 
was first seen; four days later atrial tachycardia was recorded, and it 
is worth noting that, in the interim, 0.85 Cm. of digitalis had been 
administered .intravenously. The further injection of 0.35 Gm. of 
digitalis produced 2.T A.-V block. Digitalis was continued by mouth, 
and the tachycardia with block persisted. Two months later there was 
normal sinus rhythm, and this appeared to persist. After ten months 
more, an electrocardiogram showed flutter in the first two leads and 
fibrillation in the third lead. 

In Case 10 of Barker, et al., atrial tachycardia with A-V block was 
thought to have been due to excessive digitalization. Two days later 
atrial fibrillation was recorded. Case 32 showed a similar transition. 
This patient had been taking digitalis for three years. The day after 
admission he was given an additional 0.5 Cm., and the tracing taken 
the following day showed atrial paroxysmal tachycardia with A-V block. 
Two days later atrial fibrillation was present. The apparent role played 
by overdigitalization in these three cases, both in producing the tachy- 
cardia and in producing block, agrees with our own experience 1 in this 
connection. 

Two additional cases have been reported which have been interpreted 
by the authors as illustrating the conversion of paroxysmal tachycardia 
to flutter. It is necessary at this point to recall the fact that there 
appears to be only one clear criterion for the differentiation of tachy- 
cardia and flutter, i.e., the presence or absence of a continuous atrial 
circus mechanism, as indicated by the absence or presence of an iso- 
electric period in the electrocardiogram. When an isoelectric period 
is found it indicates that continuous electrical activity of the atrium, 
due to a circus movement, is not present. Parkinson and Mathias 9 have 
recorded a remarkable case of paroxysmal tachycardia in which there 
was a cyclic variation in the atrial rate. As the rate rose from 155 to 
about 225 per minute, A-V block obviously developed. The authors 
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look this to mean that flutter had replaced the tachycardia, hut our own 
opinion of the tracing’s would indicate merely that A-Y block had de- 
veloped during- the time when the atrial rate was most rapid. We have 
reported similar cases. 1 

• The impression lias hitherto been current that A-Y block was in it- 
self prima-facie evidence that flutter was present rather than tachy- 
cardia. The paper of Barker, et ah, 8 and our report 1 should dispel this 
impression, Geraudel 10 has apparently fallen into this same error, and 
has gone so far as to deny the very existence of paroxysmal tachycardia, 
and to say that all such eases are flutter with 1:1 A-Y conduction. 

MATERIAL 

Most of the eases cited were found during our previous study of A-Y 
block in tachycardia. A few were not included at that time because of 
uncertainty as to their true interpretation. When we noted the high 
incidence of flutter or fibrillation among cases of tachycardia with block, 
we confidently expected to discover many more examples of such associa- 
tion among the more numerous cases of tachycardia without A-Y block. 
In this anticipation we were disappointed ; only two additional eases 
were forthcoming, thus amply confirming the similar experience of 
Barker and his associates. In one of them, the association was not 
intimate (Case 1); in the other (Case 13), fibrillation immediately 
followed the termination of a typical attack of tachycardia. Tabulation 
(Table I) of all of our cases shows that flutter, or fibrillation, is ten 
times more likely to be found in those cases of paroxysmal tachycardia in 
which there is A-Y block than it is when such block is absent. 


Table I 

Cases of Supraventricular Paroxysmal Tachycardia 


' ATRIOVENTRICULAR 

ASSOCIATION WITH FLUTTER OR FIBRILLATION 

BLOCK 

PRESENT 

ABSENT 

Present 42 cases 

12 (28.6%) 

30 

Absent 70 

2 (2.S6%) 

68 

112 

14 

98 


CASE REDOKTS 

Case 1. — J. R., a white woman, aged 33 years, John Sealy Hospital 
No. 19452, had been under observation since .1925 because of rheu- 
matic heart disease with mitral stenosis. Palpitation and precordial 
pain had been the chief symptoms of cardiac origin. The first electro- 
cardiogram taken on this patient was during an attack of paroxysmal 
tachycardia on Sept. 6, 1932 (Pig. 1, A.). The next day sinus 
rhythm was present, with a normal P wave. She was admitted to 
the. hospital again in October, 1932, and was found to have acute 
fibrinous pericarditis. Frequent atrial premature beats were noted in 
many tracings. Digitalization was begun on Dec. 13, and stopped on 
Jan. 15, 1933. On January 1/, she was observed in a paroxysm of 
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tachycardia, rate 160 per minute, which was slopped by carotid sinus 
pressure; the rate fell immediately to 60 per minute. On January 19, 
atrial fibrillation was recorded (Fig. 1, 71). .Again, on January 21, a 
paroxysm of tacl) 3 r eardia was stopped by pressure over the carotid sinus; 
on January 23 she was fibrillating again. During several succeeding 
years there were numerous atrial premature heals. In April, 1938, 
hydrops of the gall bladder was drained; postoperatively, fibrillation 
appeared, and was controlled by digitalis. After the withdrawal of 
digitalis the sinus pacemaker spontaneously resumed its role. Later in 
1938, during an attack of bronchopneumonia, atrial fibrillation was 
present for a few days, but disappeared spontaneously. 

Case 2. — A. D., a white girl, aged 14 years, John Scaly Hospital No. 
66298, entered the hospital April 17, 1940. For four years she had had 
attacks of dyspnea associated with tachycardia, vertigo, and pain in the 
chest. The heart rate was found to be 188 per minute; the blood pres- 
sure was 78/56. Quinidine was given on April 19 and again on April 
21. On April 24, digitalization was begun, and by April 28 the dosage 
was reduced to l 1 / % grains daily, at which level it was held during the 
remainder of her stay in the hospital. Electrocardiograms taken during 
the ten days after admission showed gradual slowing of the heart rate, 
but with persistence of the abnormal P wave (Fig. 2, A). In spite of 
the atrial slowing, partial A-V block with dropped beats was noted first 
on April 26, and was found in tracings taken at intervals until May 2. 
On Ala 3 ' 16, an attack of tachycardia developed, with a heart rate of 250 
per minute. Carotid sinus pressure, ocular pressure, vomiting induced 
by ipecac, acetyl-^-methyleholine, and quinidine were used, but produced 
only transient slowing of the heart, and death occurred late that day. 
We cannot be certain that this final attack was one of atrial butter (Fig. 
2, Ji), but the ease is included because this seems to be a likely electro- 
cardiographic, as well as clinical, diagnosis, for the bizarre P waves 
were no longer present, and carotid sinus pressure produced transient 
slowing. Unfortunately, no curves were obtained during any of the 
brief periods of cardiac* slowing. 

Necropsy showed an enlarged heart, weighing 530 grams. The ductus 
arteriosus was patent, and there was congenital hypoplasia of the aorta. 

^Case 3. — K. L., a white rnan, aged 45 years, John .Scaly Hospital No. 
57248, was admitted March 7 , 3939, in congestive heart failure; the 
blood pressure was 252/368. Lumbar sympathectomy bad been per- 
formed fourteen months previously in an effort to relieve this marked 
hypertension, hut no benefit had resulted. In the five days before this 
admission, the patient had taken 35 tablets of digitalis leaf, each of 3(4 
grains. On March 33, before 2.5 mg. of digoxin were given in- 
travenously, sinus tachycardia was present; the next dav. atrial fibrilla- 
tion was recorded (Fig. 3, A). On March 37, sinus rhythm was present 
again (Fig. 3, Ji). On that day, and ana in on March 38 and 19, 3 grains 
of digitalis were given each day. On March 20, paroxvsmal atrial tachy- 
cardia was present, with partial A-V block (Fig. 3, C). Digitalis was 
given again two days later, and the paroxvsmal tachycardia recurred ; it 
was still present on March 27. 

During this period renal insufficiency had become progressively more 
severe, and the patient died in uremia on March 2.9/ At necropsy 
the heart weighed 670 grams; there were marked nephrosclerosis and a 
few atheromatous plaques in the aorta. 
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— Case 1. *4. Lead II; the termination of a paroxysm of atrial tachycardia 
recorded on Sept. 6, 1932. B, Lead II; atrial fibrillation, Jan. 19, 1933. 
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Pigr. 3. — Case -3. A, Lead II; showing’ atrial fibrillation on March 14, 1939. B, 
Lead II ; sinus rhythm on March 17. C, Lead II on March 20 ; paroxysmal atrial 
tachycardia ; partial A-V block was apparent in parts of the curve. 
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Cask 4, — T. R., a while man, aged 49 years, John Scaly Hospital No. 
66787, entered the hospital Oct. 15, .1940. lie had been seen on several 
previous occasions because of hypertensive heart disease with" congestive 
heart failure, and on this admission lie presented the usual manifesta- 
tions of this condition. 

In the period from October 22 to December 1, he received 2.2 Cm. 
of digitalis leaf. On December .1 lie was given 2 o.e. of mereuptirin 
intravenously. Atrial fibrillation was present the next day (Fig. 4, A), 
but was replaced by sinus rhythm after IS grains of quinidine. The fol- 
lowing day, December 2, paroxysmal atrial tachycardia was found, at a 
rale of 182 per minute, with partial A-V block (Fig. 4, B). The 
ectopic pacemaker still controlled the atria on December 4, although the 
rate had dropped to 125 per minute. Sinus rhythm then reappeared. 

Death occurred on December 14. Necropsy showed a hoaii weighing 
600 grams, with only slight coronary arteriosclerosis. Ante-mortem 
thrombi were present* in the right atrium and in both ventricles, and 
there were multiple pulmonary infarcts. There were the usual evidences 
of nephrosclerosis and chronic passive congestion. 

Cask 5. — E. S., a colored woman, aged 08 years, John Scaly Hospital 
No, 75227, had been hospitalized in March and again in August, 1942, for 
hypertensive and arteriosclerotic heart disease in the stage of congestive 
heart, failure. The electrocardiograms taken during this time showed 
numerous supraventricular premature beats, and the firs( tracing 
recorded during the August admission showed atrial fibrillation (Fig. 
5, A) -, subsequent ones at this time showed sinus rhythm. 

Her last admission was on March 25, 1942, when she had a recur- 
rence of severe congestive heart failure in spile of the fact that for the 
preceding three weeks she had been taking 0.2 Gm. of digitalis leaf 
daily. Nausea and vomiting had appeared before entrance to the hos- 
pital. The electrocardiograms taken March '26 showed a basic sinus 
rhythm, but with many short runs of atrial premature beats (Fig. 
5, 2>). On March 29 the pulse rate was counted at 170 per minute. 
The electrocardiograms taken that day showed atrial flutter with 2:1 
A-V block (Fig. 5. O) ; this same mechanism was found again on March 
21. On this day, two 5-grain doses of quinidine were given. On April 1 
the flutter had disappeared, and there was again a sinus rhythm with 
frequent short runs of atrial premature beats; six doses of quinidine 
were given, but the numerous extrasystolos persisted. During the re- 
mainder of her stay in the hospital she was given 5-grain doses of 
quinidine three times dailv. The short paroxysms of atrial tachycardia 
(Fig. 5, J) ) persisted until her death. April 1*8. The rate of the ectopic 
locus was highly variable; occasionally partial A-V block appeared, with 
dropped ventricular beats. 

6 “ F ' 1 G ’ a adored man, aged 50 rears, John Sealv Hospital No. 
1062.1, was admitted Jan. 20, 1942. Hypertensive and arteriosclerotic 
heart disease had been diagnosed twelve years previously, and for six 
years exertion had caused dyspnea. During a previous admission in 
JctouC'i*. 1941* atrial fibrillation had boon recorded (Fig. 6, A.). During 
the intervening months lie had experienced repeated attacks of 
paroxysmal tachycardia, associated with dyspnea and precordial pain. 
In the three months preceding the present admission, the patient had 

taken 0.2 Gm. of digitalis leaf daily. The electrocardiogram taken 

January 20 showed paroxysmal atrial tachycardia with an atrial rate of 
214 per minute. The next day the rate was 200 per minute, with 2:1 



Fig. 6. — Case 6. A, Lead II on Oct. 24, 1941 ; auricular fibrillation. B, Lead II, 
Jan. 21, 1942; paroxysmal atrial tachycardia, with 2:1 A-V block. C, Lead II on Oct 
15, 1942 ; showing a return of fibrillation. 
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A-Y block (Fig. 6 , B). When the patient sat up there was 1:1 conduc- 
tion; when he lay down, or when pressure was applied to the carotid 
sinus, partial block, varying from 2:1 to 4:1, appeared. He was seen 
again as a clinic patient in October, 1942. At this time atrial fibrillation 
was again present (Fig. 6, 0). 

Case 7. — E. V., a white woman, aged 33 years, John Scaly Hospital 
No. 68211, entered the hospital Oct. 31, 1941. She presented a syndrome 
characterized by hypertension (174/130), 4 plus proteinuria, generalized 
edema, pulmonary infarction, and myocardial failure. In June, 1940, 
she had had a cesarean section, followed by pneumonia and thrombo- 
phlebitis. Since then there had frequently been edema of the right 
leg. Two months before admission she was delivered of a 7 / 2 -month -old 
fetus without complication, although during the pregnancy she had had 
edema of the ankles and swelling of the eyes. She had orthopnea, a con- 
tinual cough, and a small amount of j>ink, frothy sputum. 




The urine showed marked proteinuria, a specific gravity of 1.030, 
many leucocytes, and a few hyaline and granular casts; erythrocytes 
wcic rare. ^ Electrocardiograms taken on the dav of admission showed 
supraventricular 1 tachycardia with an atrial rale of 171 per minute (Fig. 
/, A.) Jn October 31, 1.5 mg. of digoxin were given, and on the next 
day O.o mg. more was administered. On that day, November 1, the atrial 
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rate dropped to 136, but the focus was still an ectopic one. Prom 
November 1 to 4, 1 Gm. of digitalis leaf was given by mouth. On Novem- 
ber 4 the atrial rate was 158 per minute. There was 1 :1 A-Y conduction, 
with a P-P interval of 0.38 second. The Q-Q interval, however, 
alternated between 0.37 and 0.39 second, with QliS alternation and a 
P-R interval alternating between 0.12 and 0.14 second (Fig. 7, B). 
On November 2, 5 grains of quinidine were given by mouth every hour 
for seven doses without terminating this attack. On November 5 the 
mechanism had changed to atrial fibrillation (Pig. 7, C), and this per- 
sisted until November 24. The atrial tachycardia recurred at the rate of 
160 per minute on November 9 ; magnesium sulphate, by vein, injected 
for the purpose of measuring the circulation time, stopped the tachy- 
cardia. immediately. 
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Fig-. 8. — Case 8. A, Lead II; atrial fibrillation on Feb. 2, 1943. B, O, and D, Leads 
I, II, III, taken on February 19; showing atrial tachycardia with 2:1 A-V block. 

E, Lead II, February 20, 10 :00 a.m. ; tachycardia. F, Lead II, February 20, noon ; 
fibrillation or impure flutter. G, Lead II, February 22, 9 :30 a.m. ; flutter. II, Febru- 
ary 22, 4:00 f.m.; esophageal lead, sinus rhythm. I , February 23, Lead CFi; impure 
flutter or fibrillation again. 

On November 11, atrial fibrillation was still present (Fig. 7, D). al- 
though while taking an electrocardiogram one lead showed a short 
paroxysm of tachycardia (Fig. 7, E). Digitalis was withdrawn on 
November 10, at which time she had liad a total of 1.2 Gm. by mouth 
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2 mg. of digoxin, and 9 cat units of digalen. This had caused green 
vision and partial blindness, as well as gastrointestinal disturbances. 
Two weeks after digitalis was withdrawn, the administration of only 

3 grains of quinidine, on November 24’ caused the cardiac mechanism to 
revert to normal sinus mechanism (Fig. 7, F). By this time the urinary 
abnormalities had disappeared and the blood pressure had fallen to 
10S/74. She was seen again in January, 1943, and at that time still had 
sinus rhythm. 

Case 8. — S. AY., a colored man, aged 64 years, John Sealy Hospital 
No. 66680, entered the hospilal Feb. 19, 1943, because of a syncopal 
attack which was followed by epigastric pain which radiated into the 
left shoulder. He had been under observation in the Out-patient Clinic 
and hospital since 1937 -because of hypertensive heart disease. In 
January, 1943, he had been hospitalized for ten days after an attack of 
cerebral angiospasm. On Feb. 2, 1943, he visited the clinic, and the 
electrocardiogram taken at that time showed atrial fibrillation (Fig. 
8, A). At the time of admission, on February 19, clinical -signs sug- 
gested that fibrillation was still present. By the time a tracing was 
recorded, however, the ventricular rate was regular, and the cardiac 
mechanism was found to have changed to paroxysmal atrial tachycardia 
with A-Y block, usually 2:1 (Fig. 8, B, C, and D). On February 20 
the same mechanism was present at 10:00 a.m. (Fig. 8, E) . At 1.1:00 
a.m. the heart had again become irregular, and the tracing taken at noon 
showed atrial fibrillation or impure flutter (Fig. 8, F). On February 22, 
the tracing revealed atrial flutter with variable A-V block (Fig. 8, G). 
He was given 1.4 Gm. of quinidine, which produced sinus rhythm within 
seven hours (Fig. 8, //). Flutter reappeared on the morning of 
February 23, and 1.6 Gm. of quinidine were given; that afternoon atrial 
fibrillation or impure flutter was recorded (Fig. 8, 1). On February 24, 
sinus rhythm had appeared, and this mechanism persisted until his 
discharge in April. He died suddenly May 11, 1943, during a convul- 
sive seizure. 

_ Case 9.- — A. H., a colored woman, aged 46 years, John Sealy Hospital 
No. 19506, w r as admitted to the hospital Jan. 15, 1942. She had con- 
gestive heart failure. The blood pressure, which had been known to be 
elevated since 1926, was 250/160 on admission. During the preceding 
four months, she had been on irregular doses of digitalis, but during the 
three weeks before admission there had been progressive edema and 
dyspnea. The heart was markedly enlarged, and severe failure was 
present. Ophthalmoscopic examination showed papilledema; nitrogen 
retention was present. The serum albumin was 3.44 per cent, and the 
globulin, 6.2 per cent. There was a rectal stricture caused by Jympho- 
pathia venereum. 

. ^ le electrocardiogram on the day of admission showed atrial fibrilla- 
tion (Fig. 9, A). The next day digitalis medication was begun in a 
dosage of 0.3 Gm. daily, and this was continued until her death. On 
January 16, the pulse rate was 334 per minute, and regular. On 
January IS the heart was again irregular, and a tracing taken at this 
time showed paroxysmal atrial tachycardia with variable A-Y block 
(Fig. 9, B). On January 20, 21, and 23. there was sinus rhythm at 
a rate of 333 to 136 per minute, recorded elect roeardiographieally (Fig, 
9, C) . On January 25 there were numerous paroxvsms of tachycardia, 
during which there was again partial A-Y block. Quinidine was given 
without improvement (Fig. 9, D). 
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Nitrogen retention liad been progressive. Pericarditis was noted first 
on January 20. Heath occurred from uremia on Jan. 26, 1942. 

Case 10. — C. 0., a white man, aged 73 years, John Sealy Hospital No. 
44749, was admitted April 17, 1942, with a right-sided hemiplegia; he 
was semicomatosc and had Cheyne-Stokes respiration. Hypertension 
was present (180/104), the arteries were sclerotic, and the heart was 
large; congestive failure was present in moderate grade. On April- 17 
and 18 he was given 1 mg. of digoxin intravenously; on April 19 and 
20 he received. 0.5 mg.; aminophyllin, in doses of 0.5 Cm., was injected 
April 18, 19, and 20. Electrocardiograms taken April IS, and again 
on April 21, showed paroxysmal atrial tachycardia with 2:1 A-V 
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Case 11. — J. S., a white man, aged 62 years, John Scaly Hospital No. 
75448, was admitted July 20, 3942. He had Parkinson’s disease, as well 
as hypertensive and arteriosclerotic heart disease, and had been hospital- 
ized because of! congestive heart failure in April, 1942. He stopped 
Hiking his maintenance dosage of digitalis about June 1, and resumed his 
occupation. Within two weeks, symptoms of! failure reappeared, and 
these became progressively worse. At the time of admission the blood 
pressure was 160/120; the heart and liver were enlarged; edema of the 
lower extremities was marked. The venous pressure was 27 cm. of saline. 




Si !?! ,! thm . \ vas ,. re .= u ]? r (Fig. 11, A), with atrial premature 
™ n0i ^: cImica Ny, to occur in frequent short runs. Pul- 

monary infarction with hemoptysis developed on Julv 21. Digitalis in a 
dose of 1.2 Gm. was given from July 20 to 23. 

At 1:00 a.m. on July 23 he was found to have what was probably 
paroxysmal atrial tachycardia, with a rate of 170 per minute (Fig. 11, 
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B ) ; carotid sinus pressure and the injection of 1 mg. of prostigmine 
were without effect; 5 mg. of neosynephrin were likewise ineffectual. 
At 1 :00 p.m. of July 23, the rate had slowed to 150 per minute ; there was 
marked, transient variation in the QRS complexes, with varying degrees 
of aberration (Fig. 11, C ). At 2:50 p.m. atrial flutter was present with 
variable block (Fig. 11, D) ; 10 mg. of neosynephrin were given, and 
at 3:10 p.m. there was a regular 2:1 A-Y block (Fig. 11, E ) ; 2.1 Gm. of 
quinidine were given during the night, and the next day, July 24, the 
atrial rate had dropped to 240 per minute (Fig. 11, F ) ; there was com- 
plete A-Y dissociation, with an idioventricular rhythm at a rate of 
122 per minute. On the morning of the 25th the heart rate was 150 
per minute (Fig. 11, (?) ; the mechanism may be ventricular tachy- 
cardia, but in view of the marked aberration of the QRS complex 
which had previously been present, we regard these as being of supra- 
ventricular origin, with defective bundle branch conduction; the P 
waves appear to be in the S-T segment. Two and four-tenths grams of 
quinidine were given in divided doses, and by late afternoon of July 25 
the mechanism was again changed. The atrial rate varied from 210 to 
250 per minute; the ventricular rate was 140, with probably complete 
A-Y block (Fig. 11, II). This tracing is interpreted as representing a 
return to the atrial tachycardia that was previously present. 

- Prostigmine and quinidine were given repeatedly on July 26, but the 
heart rate remained between 140 and 150; 0.4 Gm. of digitalis produced 
no change in rate. The tracing taken on July 27 shows a ventricular rate 
of 167 per minute; atrial flutter is present at a rate of 300 per minute 
(Fig. 11, I). Death occurred July 28. 

Necropsy showed a heart weighing 470 grains. Coronary arterio- 
sclerosis was present, and, although no coronary thrombosis was found, 
there was a myocardial infarct at the tip of the left ventricle. Mural 
thrombi were present in the left ventricle adjacent to the myocardial 
infarct,' and also in the right atrium. There were embolic infarcts of the 
lungs, and of the kidneys, spleen, and brain. 



Fig:; 12. — Case 12. A, Lead II, Aug 1 . 28, 1942 ; sinus rhythm. B, Lead IVF, August 
30 ; showing a short paroxysm of tachycardia. C, Lead II, September 1 ; atrial fibril- 
lation. 


Case 12. — M. G., a white man, aged 46 years, John Sealy Hospital No. 
77524, entered the hospital Aug. 27, 1942, with congestive heart failure 
of four months’ duration due to arteriosclerotic heart disease. Digitalis 
medication was as follows: August 29, 0.6 Gm., August 30, 31, and 
September 1,. 0.4 Gm. ; beginning September 2, 0.1 Gm. daily. On 
August 28, the electrocardiogram showed sinus rhythm at a rate of 
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79 per minute (Fig. 12, A) ; Hie situation was the same on August 29. 
The tracing taken August 30 (Fig. 32, JJ) showed frequent short 
paroxysms of supraventricular tachycardia, at a rate of 350 per minute, 




in some of which there was partial A-V block. The curves taken the 
iext da\ , Aug u st 31 , disclosed that the mechanism had changed to 
Anal fibrillation ting 32 C). The fibrillation persisted until October 
21; on this day sinus rhythm re appeared, and persisted. 
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Case 13. — J. IT., a white man, aged 48 years, John Sealy Hospital 
O.C. No. 112683, attended the clinic for antisyphilitie treatment. He 
had had a penile chancre, in 1916, which had been treated locally with 
calomel. ' A recent blood Wassermann reaction had been found to be 
positive. When lie was examined on Nov. 11, 1943, his heart was con- 
sidered normal; the blood pressure was 136/86. However, he gave a 
history of having had paroxysms of tachycardia for the preceding 
twenty-five years. These varied in frequency as well as duration; they 
lasted from ten minutes to several hours, and often stopped spontane- 
ously. On other occasions the paroxysms could be terminated by bending, 
straining, or gagging. While visiting the clinic on November 17 he had' a 
typical paroxysm. Electrocardiograms were obtained, and showed 
paroxysmal supraventricular tachycardia at a rate of 231 per minute 
(Fig. 13, A). Carotid sinus pressure was without effect. Prostigmin 
in a dose of 1 mg. was injected, and fourteen minutes later the paroxysm 
was terminated. After the paroxysm, the electrocardiogram showed no 
abnormalities. 

Between November, 1942, and June, 1943, he was given twenty injec- 
tions of bismuth and four injections of an arsenical. On June 10, he 
was again seen in the clinic in a typical attack of paroxysmal tachy- 
cardia. The rate was 250 per minute, and the rhythm was regular. Be- 
fore the electrodes could be applied the patient volunteered the informa- 
tion that the attack had ceased spontaneously. When his pulse was felt 
it was found to be much slower, but irregular. The electrocardiogram 
taken at this time, 11:30 a.m., showed atrial fibrillation, with a. ven- 
tricular rate of about 160 per minute (Fig. 13, B). He was observed 
for three hours in anticipation of spontaneous reversion of the fibrilla- 
tion; at 2:30 p.m. fibrillation was still present (Fig. 13, C). A test dose 
of 3 grains of quinidine was given ; an hour later normal sinus rhythm 
was present (Fig. 13, D). 

' Case 14.— P. J., a colored man, aged 76, John Sealy Hospital No. 
78053, was admitted March 1, 1943, because of congestive heart failure 
which had gradually become manifest during the preceding two years. 
For the preceding eighteen days dyspnea and edema had become severe. 
The blood pressure was 200/90; the heart was enlarged, and there 
were the usual evidences of heart failure of moderate grade. The 
venous pressure was 21.5 cm. of saline. The. electrocardiogram on March 
2 showed sinus rhythm with frequent ventricular premature beats. 
Digitalis was begun on March 2, and, by March 5, 1.2 Gm. had been 
given; after this day, 0.1 Gm. was given daily. By March 5 atrial 
fibrillation was present, and was recorded on March 9 and again on 
March 16 (Fig. 14, A). Quinidine was administered in a dose of 0.6 
Gm. daily from March 3 to 17; on March IS, 2 Gm. were given; from 
March 19 to 26 the 0.6 Gm. dosage was resumed. 

On March 20 the electrocardiogram showed paroxysmal atrial tachy- 
cardia until an atrial rate of 166 to 171 per. minute, and with 2 :1 and 
3:2 A -V block. The tachycardia was still present on March 22, with 
. 2:1 A-V block at an atrial rate of 214 per minute; an hour later the 
atrial rate had dropped to 162, and 1:1 conduction occurred; at this 
time 1 mg. of prostigmin was. given; .and, although the atrial rate was 
only 171 to 179 per minute, A-V block appeared, varying from 3:2 to 
2:1 (Fig. 14, B). 

The tracing taken March 23 is of particular interest, and all of Lead 
II is reproduced (Fig. 14, C and D)\ .The atrial rate varies from 260 
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to 316; at the slower rates the tracing seems definitely to be atrial, tachy- 
cardia; at the more rapid rates the presence of flutter seems equally 
certain. Although it is difficult to be positive, the curve is -very sugges- 
tive of cyclic variation between atrial tachycardia and atrial flutter. 
The tracings taken on March 25 and 26 showed tachycardia with partial 
A-V block, usually 2:1 (Fig. 14, E). On March 29th, sinus rhythm was 
present (Fig. 14, F). The patient was discharged April 4, 1943, on a 
maintenance dose of digitalis. 

He returned to the Out-patient Clinic on April 27 with extreme cardiac 
failure; The electrocardiogram showed a return of atrial fibrillation. 
Diuresis was obtained with ammonium chloride and mercupurin, with 
clinical improvement. On May 4, the mechanism had changed to sinus 
rhythm. On May 11, however, the digitalis was discontinued because of 
nausea and vomiting; on this day the tracing showed atrial fibrillation 
(Fig. 14, (7). He was not seen again until June 3, at which time the 
severity of his cardiac failure necessitated hospitalization. The last 
electrocardiogram showed sinus rhythm. He died June 4, 1943. 


COMMENT 

The intimate relationship of atrial flutter and fibrillation is well 
recognized. The older theories of the mechanism of these disturbances 
have been reviewed by Garrey, 11 who also summarized the available 
evidence in favor of the theory of a circus mechanism. This latter con- 
cept has found wide acceptance, although the Viennese group of 
cardiologists prefer the concept of one or more rapidly discharging 
ectopic or parasystolic foci operating to produce either flutter or fibrilla- 
tion. - The circus mechanism may be modified by assuming a single 
initial premature stimulus, followed by multiple re-entries. Lack of 
conclusive evidence for any one of these possible mechanisms does not 
vitiate the fact that the same fundamental mechanism appears to be 
operative for both flutter and fibrillation. This is amply substantiated 
by both laboratory and clinical experience. 

Paroxysmal atrial tachycardia, however, has been generally thought 
to be the result of a totally different mechanism. The most widely 
held view is that paroxysms result from the rapid discharge of impulses 
from an ectopic pacemaker. Multiple re-entries from a single impulse, 
and the removal of blocking from a parasystolic focus have also been 
proposed. The views concerning the possible mechanism of paroxysmal 
ventricular tachycardia, many of which are equally applicable to the 
atrial variety, have recently been reviewed by Cooke and White. 12 

Suggestions have not been entirely lacking that paroxysmal tachy- 
cardia is due to a mechanism similar to that responsible for flutter and 
fibrillation. Ilieseu and Sebastiani 13 noted the similarity between the 
action of quinidine in cases of paroxysmal tachycardia and its effect in 
flutter and fibrillation. They stated that quinidine produces a marked 
slowing of the atrial rate in fibrillation, less in flutter, and still less in 
tachycardia, and considered that the variation in its action was quanti- 
tative rather than qualitative, and might depend in part on the original 
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atrial rate. The preliminary slowing of the atrial rale, and subse- 
quent abrupt transition to normal mechanism, suggested to them, the pos- 
sibility that paroxysmal tachycardia, as well as flutter and fibrillation, 
might be the result of a circus mechanism. 

Ashman and Hull 1 ' 1 have given as their view the concept that paroxys- 
mal tachycardia is due in many instances to a circus mechanism which 
passes through the S-A or A-V node. If Ibis were so, the susceptibility 
of the tachycardia, to termination by reflex vagal stimulation would re- 
sult from vagal influence on the nodal portion of the circuit. Pre- 
sumably, also, the isoelectric period of the electrocardiogram, the chief 
criterion for differentiation from flutter, would coincide with the rela- 
tively slow passage of the impulse through the nodal tissue. 

Yore recently, Barker, el al., 15 have discussed the similarity, as well as 
the differences, between tachycardia and flutter-fibrillation. They be- 
lieve that paroxysmal tachycardia, particularly in t hose cases in which 
there is either A-Y block or alternation of the P-P cycle length, may 
best be explained by assuming that a circus mechanism passes through 
the S-A or A-Y node. The experimental reproduction by Butterworth 
and Poindexter, 1 8 of the Wolff-Parkinson- While syndrome of short P-P 
int erval with prolonged QBS complex judical os strongly that there is a 
circus movement during the paroxysms of tachycardia which are typ- 
ically associated with this syndrome. Presumably the circus moves 
down the A-Y conduction tissue, and re-enters the atrium llirough the 
bundle of Kent. 

We do not believe that our own data can be used as evidence in favor 
of any one of the hypotheses for the fundamental mechanism of .these 
disturbances. However, the fact seems clearly established that some 
cases of paroxysmal atrial tachycardia are closely related to flutter 
and/or fibrillation. 

This is particularly true of those cases of tachycardia in which partial 
A-Y block has been found to exist at some time, thus confirming the 
same observation by Barker and his associates. 

Whether this is a coincidence, or actually indicates a circus mechanism 
in tlie.se cases of paroxysmal tachycardia, must be ascertained by more 
definitive means. As an initial effort in this direction, we have recently 
calculated the electrical axes of the P waves at Pjoo second intervals, 
using simultaneous chest leads placed in three planes, as was done by 
Lewis, ct al. 1. Judging from our experience 1o date, 38 we believe that the 
method is capable of showing the existence of a circus movement, if one 
be present. At least, our results in flutter and fibrillation seem to agree 
in general with those obtained by Lewis. However, in four cases of 
paroxysmal atrial tachycardia, with A-V block, the curves representing 
the consecutive electrical axes of the atrium fail to suggest a circus 
movement; they rather resemble the curves obtained from individuals 
with normal sinus rhythm, differing only in their direction. These data 
will be reported soon in detail. 
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MEASUREMENTS OF ARTERIAL BLOOD PRESSURE IN THE 
ARM ANJ) LEG: COMPARISON OF SPHYGMOMANOMETRIfJ 
AND DIRECT INTRA-ARTERIAL PRESSURES, WITH SPECIAL 
ATTENTION TO THEIR RELATIONSHIP IN 
. AORTIC REGURGITATION 


J. Harold Kotte, M.D., Arnold Jglauer, M.D.,* and 
Johnson McGuire, M.DA 
Cincinnati, Ohio 


T HE commonly used clinical methods of measuring arterial blood 
pressure are based on the concepts proposed original ly by Riva- 
Rocci, 1 von Recklinghausen, 2 and Korotkow. 3 Examination of the 
original articles of these writers reveals that their technique is founded 
on indirect evidence. Man 3 ' attempts have been made to study the 
accuracy of clinical methods of measuring blood pressure, hut, prior 
to 3931, these could he based only on theoretical deductions. In that 
year, Wolf and von Bonsdorff 4 introduced a method for accurate optical 
recording of human blood pressure by arterial puncture, thereby 
permitting direct observation of the accuracy of bloodless methods. 

The various factors influencing the measurement of blood pressure 
in the brachial artery by the cuff method have been studied in adults' 
and children 0 by Hamilton and his co-workers, and more recently 
in adults by Ragan and Bordley. 7 These workers have found that 
the standard arm cuff (32 to 33 cm. wide) does not permit accurate 
measurement of blood pressure in all subjects, and that no definite 
method of prediction permitted choice of a cuff of proper width, 
either for children or some adults. 


Although Hales, 8 in 3733, employed the femoral arteiy of a horse 
in the first recorded direct measurement of blood pressure, and 
although many investigators have used it in animal experiments since, 
there have been relatively few studies of femoral blood pressure in 
man by direct methods. Thus, the accuracy of clinical methods of 
measurement of femoral blood pressure cannot be regarded as estab- 
lished. In 1939, The American Heart Association and the Cardiac 
Coeietj of Great Britain and Ireland 9 recommended a cuff 15 cm. 
vide for use on the thigh. The exact reasons for this choice were 
not given, although Recklinghausen 2 had stated that a cuff of 15 cm. 
was wide enough for any extremity. However, there is no experi- 
mental -verification that this or any other cuff is adequate for accurate 
measurements of femoral lilood pressure# 
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There is little agreement regarding the relation of femoral and 
brachial blood pressure. The usual clinical concept is that the 
femoral systolic blood pressure is approximately equal to the brachial 
systolic blood pressure in normal persons, but that in aortic insuf- 
ficiency and under certain other conditions it is considerably higher. 
Hamilton and his co-workers 5 demonstrated by arterial puncture that 
the femoral systolic blood pressure is higher than the brachial in 
normal persons, although he did not specify the number of subjects 
studied. The femoral diastolic pressure was found to be the same 
or slightly lower than the brachial diastolic pressure. "Wolf and Bons- 
dorff, 4 on the other hand, compared the femoral pressure, as ascer- 
tained by arterial puncture, with the arm pressure, as ascertained 
by the usual Korotkow method, in six subjects without valvular dis- 
ease or hypertension. In an analysis of this material, they concluded 

that “there could be no great difference between the femoral and 

* & 
brachial pressure” in man. 

In the present study, blood pressure was measured in the brachial 
and femoral arteries of subjects with normal pressures, hypertension, 
and aortic insufficiency by cuff methods and by use of the optical 
manometer. We desired, first., to test the accuracy of the 15 cm. 
cuff for measurements of blood pressure in the thigh; second, to test 
the validity of the impression that aortic regurgitation produces a 
disproportionate elevation of the systolic pressure in the leg (thigh) ; 
and, third, to compare the respective femoral pressures with the con- 
comitant pressures in the arm. 

METHOD 

Direct measurements of femoral and brachial blood pressure were 
made on cooperative, convalescent subjects from the hospital wards. 
Repeated measurements with the cuff were made on the extremity in 
question until the blood pressure range was stable, before, during, 
and after the optical manometric measurements. Systolic levels were 
read at the first appearance of sound, and diastolic levels at the 
point at which sounds become dull and muffled (between third and 
fourth phases). For the arm the standard 13 cm. cuff was used; for 
, the leg we employed both the standard arm cuff (called the “narrow 
leg cuff” in this report), as well as a specially made cuff, 15 y 2 cm. 
wide, tapered 4 cm. at this lower edge for better fit. The cloth 
covering of the wider leg cuff was 2 cm. wider and 2 cm. longer than 
the rubber bag, and the cuff wrapper measured 130 cm. in length, 
this varies but slightly from the specifications proposed for the leg 
cuff by The American Heart Association and the Cardiac Society of 
Great Britain and Ireland. 

Direct intra-arterial measurements were made with the Hamilton 
manometer as modified by Gregg, et al. 10 The membranes used were 
visually rubber* (cardiovascular sheeting, 0.028 inch thick-), although 
glass spoonsf were used in a few experiments. Neither possessed 

•Generously supplied by Dr. A. Szegvari of the American Anode, Inc. 

tlvindly furnished by Dr. H. F. Helmholz, Rochester, Minnesota. 
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greater advantage in our hands. The frequency of these membranes, 
as tested before each experiment, was at least 80 double vibrations 
per second; Frank 11 considered 40 double vibrations per second ade- 
quate for recording most of the peripheral pulse wave characteristics. 

The light source was a 500 watt Mazda projection light, placed 
12 cm. behind an adjustable vertical slit, and directed upon a small 
plane mirror mounted on the membrane which the arterial pulsations 
moved. The image was focused by a convex Jens of low power upon the 
revolving paper film of the Cambridge research model electrocardio- 
graph, 340 cm. distant. The apparatus was adjusted so that the 
level of the artery to be punctured was on the same plane as the 
fluid levels in two pressure reservoirs, one of which contained 5 per- 
cent sodium citrate solution, and the other-, water; readings were thus 
corrected automatically for tire level of the puncture site. 

For the procedure itself a cooperative patient was placed supine 
on a flat table and lire extremity to he studied was placed comfortably 
in a natural position. Tire puncture site in the brachial artery was 
the antecubital fossa, just above the anterior crease of the elbow, 
and, in the femoral artery, the femoral triangle just below the in- 
guinal ligament.- Before puncture, these areas were cleansed with 
iodine and alcohol, and tire skin and subcutaneous tissue, down to the 
artery, were infiltrated with 3 . per cent procaine solution. The only 
pain which the subjects noted was felt as a brief twinge at the 
moment of arterial puncture. 

After blood pressures were taken with the proper- cuff and found 
stable, the artery was punctured, using a sterile, short bevelled, No, 
23. needle, 3% inches in length over all. The needle was inserted into 
the artery with the bevel close to the perpendicular. After graphic 
registration of the blood pressure, the cuff measurements were re- 
peated; in the case of the arm, checks were made at some point while 
the manometer was recording. 

Graphic records were taken at two speeds; pressure and time meas- 
urements were made from the higher speeds for greater accuracy. 
The membrane was then calibrated in millimeters of mercury with 
the needle in place, using a mercury-filled U tube and the pressure 
bottle; calibrations were made every 50 mm. ITg up to a pressure 
oi 250 mm. llg. After calibration, another graphic record was usually 
made, unless the citrate in the tubing was inadequate to prevent clot- 
ting during this period. It is worth noting that none of the citrate 
entered the circulation or surrounding tissue. After removing the 
needle, firm compression was applied to the artery for five minutes. 

If, as infrequently happened, the artery could not be readily entered, 
llie experiment was immediately abandoned, rather than risk injur}' 
to the vessel or excitement to the patient. 

•Simultaneous registration of the femoral and brachial blood pres- 
sures was not done, but they were measured in quick succession (about 
o to 8 minutes apart) without apparent change in the patient’s mental 
or p ljsical state. In about half the experiments, the arm pressures 
veie measured first, and in the remaining group, the leg measure- 
ments were made first. ° J 


RESULTS 

Measurements were done on nine patients with normal blood pres- 
sure, nine patients with hypertensive cardiovascular disease, and ten 
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patients Avitli aortic insufficiency. Tlie results are listed in Table I. 
In all instances in which there was a range in cuff pressures" after 
the initial fluctuations had disappeared., a range is listed. All sub- 
jects, except one, showed some variation (mainly respiratory) in the 
height of the manometrie recordings; this was pronounced in some 
and slight in others, but always more marked in the systolic level. 
For purposes of comparison, average cuff pressures were compared 
with average manometrie pressure. Differences of less than 10 mm. 
of mercury were considered within the limits of error of the graphic 
method, because of experimental conditions. 

Reference to Table II will show the differences between direct pres- 
sures in the brachial and femoral arteries and the percentage error 
from use of the respective cuffs on the arm and thigh. In this table 
and the following discussion the values obtained by direct methods 
are considered to represent the true intra-arterial pressure; and the 
results from use of the cuff are taken to be the values which may 
deviate one way or the other from the true direct pressure. Cuff 
and direct readings on the normal subjects show a. fair agreement in 
the brachial systolic pressures, except in two subjects. The brachial 
diastolic cuff pressures were usually disproportionately higher; others 5, 7 
have noted the character and direction of this disagreement. In the sub- 
jects with normal blood pressures, both the narrow and the wide leg 
cuffs gave results which were usually too high for the systolic, and 
always considerably higher for the diastolic pressures, when these 
values were compared with manometrie readings. 

Cuff measurements and direct brachial recordings on the subjects 
with hypertension showed a fair agreement of the systolic pressures 
in all. but two patients, in both of whom the cuff pressures were too 
low (minus 27 and minus 20 mm. mercury). The brachial diastolic 
cuff pressures were too high in five of the nine subjects in this group*. 
Again, the narrow cuff gave readings of the femoral blood pressures 
which were consistently too high for both the systolic and diastolic 
levels. The wide cuff permitted a somewhat better estimation of 
the femoral systolic pressure in those patients on whom it was used; 
the diastolic readings with the wide cuff were uniformly too high, 
averaging 14 mm. above graphic pressure. 

Cuff and graphic arm readings on the patients with aortic insuf- 
ficiency showed a fair agreement in the systolic level. The brachial 
diastolic pressures agreed in only one subject (Case 2). In two pa- 
tients with aortic regurgitation (Cases 6 and 9), whose sharp arterial 
sounds were heard down to zero pressure in both arm and leg, the 
true brachial diastolic pressure was found to be 41 mm. and 35 mm. 
Hg, respectively. Femoral wide cuff pressures were consistently too 

•In the following- discussion the words "direct,’’ "manometrie," and "graphic” refer 
to arterial blood pressures obtained by use of the optical manometer; “cuff" pressure 
refers to that obtained by use of the arm or leg cuffs, mercury manometer, and the 
auscultatory technique. 
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Table IT 





DIRECT 

BRACHIAL 

FEMORAL 




LEG/ARM 

ARM CUFF 

WIDE 

NARROW 




DIFFER- 

ERROR 

(15.5 CM.) 

(12CM.) 

CASE 

NAME 

DIAGNOSIS 

EXCE (SYS- 

(SYSTOLIC/ 

CUFF ERROR 

CUFF ERROR 

NO. 



TOLIC/DI- 

DIAS- 

(SYSTOLIC/ 

(SYSTOLIC/ 




ASTOLIC) 

TOLIC) 

DIASTOLIC) 

DIASTOLIC) 




(MM. no.) 

(%) 

(%) 

(%) 


Control Group 


1 

!M. II. 

Convalescent 

-mo 

- 3 

+ 4 

+1G 



pneumonitis 

- 4 

+14 

+58 

+58 

2 

A. E. 

Svphilitic cerebral 

- 4 

0 

+17 

+52 



thrombosis 

- 8 

+24 

+37 

+84 

3 

J. M. 

Peptic ulcer 

+ 0 

+24 


+25 










—13 

■ip L+1+ 

| 

+135 

4 

c. z. 

Convalescent 

+14 

MB 

0 

0 



pneumonitis 

- 2 

+ 5 

+20 

+34 

5 

G. C. 

Cholangitis 

+12 

- 2 

- 4 

+4 




+ 0 

+24 

+22 

+40 

o 

C. P. 

Rheunuitic fever 

+10 

0 

0 

+ 7 




- 4 

+ 0 

+30 

+43 

7 

R.M. 

Rheumatic fever 


-10 

+ 4 

+22 












- 8 

+20 

+02 

8 

Z. M. 

Convalescent 


+ 4 

0 

+ 7 



pneumonitis 


- 2 

+11 

+2S 

9 

W. J. 

Uncontrolled diabetes 

- 1 

0 

0 

+23 




- 4 

4- 7 

+19 

I +40 

AVERAGE CUrK ERROR (SYSTOLIC/DIASTOI.1C) 
(%) 

+ 1.0 

+ 9.7 

+ 2.0 

+28 

+17 

+58 


Hypertensive Patients 


1 

P. A. 

Hypertensive heart dis- 

+10 

-17 

9 

+23 



case (mild failure) 

-14 

+12 

+40 

+00 

2 

C. II. 

Hypertension 

+ 8 

0 


+19 




+ 4 

+13 


+25 

3 

\V. J. 

Hypertension 

+15 

0 

I 

+22 



hemiplegia 

- 3 

+23 


+40 

4 

S. W. 

Hypertension 

+12 

0 


+15 




-11 

0 


+41 

5 

M. M. 

Rheumatoid arthritis 

- 2 

0 

0 





-13 

0 

+27 


0 

\V. H. 

Hypertension 

+ 4 

-11 i 

- 3 




hemiplegia 

+ 1 

ipa 

ill 


7 

M.E. 

Hypertensive 

0 


+20 

+78 



encephalopathy 

- 4 

KiB/ 

+20 

+84 

8 

J. A. 

Diabetes 

-10 

- 0 

+ 9 

+10 




+ 2 

+ 8 

+ 8 

+13 

9 

J.E. 

Carcinomu of stomach 

+11 

+ 3 

+ 8 





+ 4 


+21 


AVERAGE i 

CUFF ERROR (SYSTOLIC'/DIASTOLIC) 


+ 8 

+28 



(Vo) 



+23 

4J0 
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Table II — Coxt’d 





DIRECT 

brachial 

FEMORAL 




LEG/ ARM 

ARM CUFF 

WIDE 

NARROW 




DIFFER- 

ERROR 

(15.5 CM.) 

(12 CM.) 

CAoH 

NAME 

DIAGNOSIS 

EXCE (SYS- 

(SYSTOLIC/ 

CUFF ERROR 

CUFF ERROR 




T0T4C/DI- 

DIAS- 

(SYSTOLIC/ 

(SYSTOLIC/ 



' 

ASTOTJC) 

TOL1C) 

DIASTOLIC) 

DIASTOLIC) 




(MM. HG.) 

(%) 

(%) 

(%) 


Patients With Aortic Insufficiency 


1 

jar. c. 

Syphilitic aortic 

+23 

+ 5 

+39 

+54 



regurgilat ion 

mm 

+74 

+150 

•f2o8 

2 

.T. B. 

Syphilitic aortic- 


+ 9 

+4o 

+73 



regurgitation 

rn 1 

+ 7 

+62 

+71 

3 

G. N. 

Syphilitic aortic 

+ 2 

0 


+41 



regurgitation 

— 5 

+45 


+127 

4 

R.G. 

Syphilitic aortic 

+19 

- 7 


0 



' regurgitation 

+ 7 

+23 


+3S 

5 

A. C. 

Syphilitic aortic 


- 2 


+12 



regurgitation 


+2S 


+63 

G 

S. M. ' 

Rheumatic aortic 


0 

+3S 

+45 



regurgitation 

+ 2 

- 



7 

G.M. 

Acute aortic endo- 

+10 

+10 

+29 




carditis 

- 3 

+13 

+57 


S 

W. G. ’ j 

Syphilitic aortic regur- 

+22 

+ S 

+12 

+25 



gitation hypertension 

- 5 

+14 

+36 

+44 

9 

T.G. ! 

Syphilitic aortic 

+5S 

1 + ^ 

+22 

+27 



regurgitation 

+ 1 

_ 

- 

_ 


M. IV. 

Syphilitic aortic 

-13 

- 8 - 

+19 

+31 

' 


regurgitation 

- G 

+40 

+30 

+43 

AVERAGE CUFF ERROR (SYSTOLIC/DIASTOLIC) 
(%) 

+ 2.3 

+24 

+29 

+67 

+34 

+92 


high, especially for the systolic, but also for the diastolic, level. These 
differences were greatly exaggerated by the use of the narrow cuff. 
The femoral diastolic pressures in the same two subjects whose cuff 
readings on arm and leg were zero were 43 and 36 mm. Hg, respec- 
tively. The femoral pressure with the wide or narrow cuff approached 
accuracy in . only one systolic reading and in no diastolic readings in 
the patients with aortic regurgitation. 

Comparison of the graphic blood pressures in the arm and leg 
showed a noteworthy elevation of systolic pressure (+10 mm. Hg, or 
more.) in the femoral artery in five of the nine control subjects. In 
the hypertensive group a noteworthy elevation of the femoral over the 
brachial systolic graphic pressures was noted in four of the nine 
patients; one subject presented a lower systolic pressure (-10 mm.) 
in the leg than in the arm. In aortic regurgitation the graphic sys- 
tolic pressure was significantly higher in the leg in seven of the ten 
cases studied; in two patients the graphic systolic pressure was lower 
in the leg than in the arm. The graphic diastolic pressures in the 
arm and leg showed less consistent differences. However, the femoral 
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diastolic pressure was definitely lower in the leg than in the arm 
in one control subject (-13 mm. Hg), in three hypertensive subjects 
(-14, -11, and -13 mm. Hg), and in one patient with aortic regur- 
gitation (-11 mm. Hg). In the other cases these figures generally 
agreed except for slight and relatively unimportant differences. 



n.™r.’it-!iiAn U l S n e . curves o £ subjects with normal pressure, hypertension, and aortic 
d r [. om , left t0 r| £ht. The apices of the curves have been re- 
arc also ehomf 1 clarity in reproduction. The electrocardiogram and heart sounds 


The form of the brachial and femoral curves is shown in Fig. 1. 
In general, the contour of these curves is similar to those described by 
Wiggers, 12 Wolf and von Bonsdorff, 4 Hamilton, et al., 5 and others. 
When the pulse curves of all patients were plotted on a common 




KOTTE ET AL. : ARTERIAL BLOOD PRESSURE IN ARM AND LEG 485 

time versus pressure graph, seven patients with aortic regurgitation 
showed a steeper upstroke than the control or hypertensive group. 
The other three records of patients with aortic regurgitation showed 
considerable spread, overlapping with those of the normotensive and 
hypertensive patients. The dicrotic notch (ineisura), which was 
usually well marked in most brachial records of patients with aortic 
regurgitation, always appeared at a lower point on the cataerotie 
limb in these subjects than in those of the control and hypertensive 
group. However, we were unable to associate a low dicrotic notch 
with a low diastolic blood pressure or the height of the pulse pressure, 
indicating that the position and characteristics were probably in- 
fluenced largely by the peripheral factors which alter plus contours. 

DISCUSSION 

The accuracy of the method of measuring blood pressure by arterial 
puncture with a small needle and by optical recording with a high 
frequency manometer seems to have been generally accepted. It 
effectively overcomes the objection against cannulation methods of 
blood pressure measurement, as discussed by Wolf and Bonsdorff 4 
and Recklinghausen . 2 

Little apparent change in blood pressure resulted from insertion 
of the needle into the artery, for cuff measurements on the same arm 
with the needle in situ showed the same values as before insertion. 
In agreement with Ragan and Bordlev , 7 we noted during deflation 
of the cuff that the Korotkow sounds appeared at the same moment 
as the initial manometric pulsations from the artery. Wolf and 
Bonsdorff 4 felt that considerable differences in pressure might occur 
between these events. 

In these experiments, simultaneous graphic recordings were not 
-made from the femoral and brachial arteries because of technical 
difficulties. Moreover, the blood pressure readings by the cuff method 
were not made at the same moment as the graphic ones. However, 
cuff and direct measurements of blood pressure were always made 
on the same extremity, whereas previous investigators have used one 
extremity for direct readings and the opposite for indirect measure- 
ments. Appreciable differences may exist between cuff measurements 
from the two arms. Any unusual weighting of results was believed 
to have been avoided by making graphic measurements alternately, 
as follows : first in the arm of one subject and first in -the leg of the 
succeeding one. The relatively small difference in pulse rates be- 
tween the times of making direct measurements in the arm and leg 
indicates that little change in cardiovascular function occurred to 
influence the reliability of the comparison of such values. 

In agreement with others who compared the accuracy of the 
auscultatory method with direct measurements in the arm, we found 
no consistency in the direction of error, either in the systolic or 
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diastolic levels; the auscultatory readings were sometimes too high, 
and sometimes too low. However, the averaged errors permit the 
conclusion that, lor general clinical purposes, the auscultatory tech- 
nique is adequate for the brachial systolic level, provided results in 
any given case are not interpreted too rigidly. No particular differ- 
ence in degree of accuracy was found in brachial measurements 
of systolic pressures in the control or hypertensive groups, or in 
patients with aortic regurgitation. The diastolic cuff pressures were 
ascertained less accurately in the arm. Values taken when the 
arterial sounds changed from sharp to muffled (between third and 
fourth phases) were generally too high, and the error was of the 
same degree in the normotensive and hypertensive groups. As one 
would expect, the error was greater in aortic regurgitation, in which 
the sound changes arc often less marked. Since, to simplify the 
technique of puncture of the brachial artery, we purposely excluded 
subjects with large arms, we do not feel that tin's source of error in 
cuff measurements enters into the differences. 

The standard cuff (13 cm.) technique for femoral pressure was 
found to be deceptive in almost all subjects; it gave readings which 
were grossly too high. The wide cuff (lb. 5 cm.) pressures generally 
agreed better with direct pressures, although there was still consider- 
able error in many measurements; this error was most marked in 
patients with aortic regurgitation. Since, in general, the graphic 
systolic blood pressures in the leg tended to be only slightly higher 
than those in the arm, the larger differences obtained by either cuff are 
therefore inferred to be artifacts. The grealer mass of soft tissue 
to be compressed, as well as other anatomic differences, seems to be 
responsible, for more accurate results can be obtained by a better 
fitting, wide cuff. 

The width (12 to 13 cm.) of the present standard arm cuff is based 
on the observations of Recklinghausen 2 and Janeway, 13 who recognized 
that the soft tissue distorts the actual pressure applied to an artery 
when a narrower cuff (such as Riva-Rocci's) is used. Their choice of 
the 13 cm. cpff for use on f lie arm was based on their observation that, 
with it, approximately the same pressures could be obtained in the 
leg as in the arm; we could not confirm this observation. For ex- 
treme eases they found a wider (lb cm.) cuff adequate for any ex- 
tremity. Recently. Hamilton and his associates, using children as 
subjects, and Ragan and Bordlev, using adults, recognized the errors 
from fhe use of arm cuffs of improper width, and showed that, in 
genera], the width of the cuff should be proportionate to the circum- 
ference of the arm. Murray 14 was the first (19 14) to report the use 
of a wider (17 cm.) cuff for femoral pressures. Since then wider 
cuffs have often been recommended for use on the thigh, but, thus 
far, there have been no attempts to test their accuracy by comparison 
with a valid direct method. 
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The concept that the systolic pressure is higher in the femoral 
artery in aortic regurgitation originated in 1909 with Hill, et ah, 15 
who observed by the palpatory method, with the cuff wrapped around 
the calf, marked elevation of this pressure over the pressure in the 
arm. The difference was not limited to aortic insufficiency, for similar 
discrepancies were noted after excitement and exercise in normal 
subjects. Murray confirmed this observation, using the 17 cm. cuff. 
Since then the clinical concept has grown that a higher systolic pres- 
sure in the leg is a characteristic, almost specific, sign in aortic 
regurgitation. In fact, Loewenberg 18 stated that the differentiation 
between “relative” and true aortic regurgitation may be made on 
the absence or presence of this sign. This appears to be erroneous 
because the usual leg cuff will distort the true pressures, and because 
the true femoral systolic blood pressure is not universally or exclu- 
sively higher in definite aortic regurgitation. 

. Many of the earlier investigators believed that the systolic blood 
pressure was the same in the arm and leg in normal subjects. On 
this assumption von Recklinghausen and Janeway based their phi- 
losophy of clinical sphygmomanometry. However, Bazett, 17 using one 
of the cruder membrane manometers, showed that the systolic pres- 
sure in the femoral artery was slightly higher than that in the carotid 
artery in normal dogs. 'When aortic regurgitation was artificially 
produced in these animals, the difference was immediately exagger- 
ated, and grew more marked the greater the aortic leak. Burdick and 
his co-workers, 18 using a 20 cm. cuff for leg measurements, found the 
femoral systolic pressure moderately higher than the brachial in 
normal human subjects. Several theories have been advanced to ex- 
plain these differences in normal subjects and patients with aortic 
regurgitation. Hurthle 10 believed that the higher systolic pressure in 
the femoral artery was due to summation of the primary pulse wave 
and reflected waves from the periphery and from other neighboring 
vessels. L. Hill and his co-workers 15 attributed the difference to better 
conduction of the pulse wave into the femoral vessels and to decreased 
distensibility of the femoral artery. Bazett 17 felt that there was 
greater conversion of kinetic energy into stress in the femoral artery 
because of regional differences. Bramwell and Hill 20 believed that 
“breaker” phenomena at the peak of the onrushing wave front of the 
pulse were responsible for the greater difference in aortic regurgita- 
tion. It is likely that a combination of these factors is responsible. 

An attempt was made to correlate the error in the arm cuff read- 
ings with the contour of the graphic curves, but no eorisistent traits in 
this limited number of subjects were noted. In general, however, the 
steeper the pulse upstroke in patients with hypertension and aortic 
regurgitation, the more often the systolic cuff pressures were equal to, 
or lower than, the direct values. The accuracy of the arm cuff read- 
ings Avas also compared with the Q-E interval (time from onset of 
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elncfric.nl systole to beginning of the. upstroke of the hr.nchi.ni pulse 
curve). As a rule, the Q -B interv.nl was shortest in hypertensive pa- 
tients (.15 to .18 second'), of intermediate duration in normal subjects 
(.20 to .28 second), and in patients with aortic n*eurgitaf ion it varied 
considerably (.15 to .25 second). Since the Q-lv interval was essen- 
tially (he same for the arm and leg at the points where pressure meas- 
urements were made, a difference in the velocity of the jntl.se wave 
appears not to be a factor in differences between brachial and femoral 
blood pressures. 

St'MM.MtV 


A comparison has been made of the blood pressures measured in the 
arm and lop with the cuff and usual nusmdtatory technique and those 
obtained by direct methods with the needle manometer. The ordinary 
arm cuff (18 cm. in width) was used for the arm, and this same cuff 
and a wider (15.5 cm.) one, such as that recommended by the Amer- 
ican Heart Association and the Cardiac Society of Croat Britain and 
Ireland, wove used for measurements of femoral pressures. Subjects 
with normal blood pressure, hypertension, and aortic regurgitation were 
studied. 


The ruff pressures in the arm varied both above and below the direct 
values. As a group, the error was slight for the systolic level, aver- 
aging .0.5 per cent, but reached more sizeable proportions for the 
dinspilie pressures of the normolcnsive and hypertensive pro ups in 
which it was of the order of e 9 per cent. The diastolic cuff error was 
even greater in subjects with aortic regurgitation. averaging -.24 per 


cent, 


The femoral pressures obtained with the 18 cm. cuff on the thigh 
were grossly above the systolic and diastolic values recorded by the 
direct method (averaged svstolie /diastolic error, normotensive group. 


+17 per cent 
+58 per cent 


hypertensive group 


-28 per cent 
-40 per cent 


and subjects with 


aortic regurgitation 


•84 per c ent . 
•92 per cent 


The 15.5 cm. cuff permitted more 


accurate approximation of tin? true systolic pressure in the normoten- 
•sive and hypertensive groups (averaged error, -2.fi per cent. -8 per 
cent, respectively), but here also the results are in error for the diastolic 
pressure, averaging s25 per cent for the combined groups. The systolic 
and diastolic values with the wide cuff on the thigh were most in error 
in subjects with aortic regurgitation (averaging -29 per cent and 
+67 per cent, respectively). 

The direct femoral systolic blood pressure was notably higher than 
the direct brachial systolic pressure in five of the nine normotensive 
subjects, four of the nine hypertensive patients, and seven of the ten 
patients with aortic regurgitation. In the other cases the difference 
was slight, although in a few eases the systolic pressures were decidedly 
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lower in tlie femoral artery than in the brachial. The limited number 
of eases and lack of uniformity of results do not permit any definite 
conclusion. However, it may be pointed out that the femoral systolic 
pressure was more frequently elevated in the patients with aortic re- 
gurgitation, and that the differences were usually greater here than in 
the control and hypertensive groups. 


conclusions 

1. The systolic blood pressure in the arm can be measured with rea- 
sonable accuracy in most subjects with normal pressure, hypertension, 
and aortic regurgitation by the ordinary arm cuff and auscultatory 
technique.. 

2. The brachial diastolic pressure, as measured by the ordinary cuff, 
is usually too high, especially in aortic regurgitation. 

3. The femoral systolic blood pressure cannot be measured accurately 
with the ordinary 13 cm. cuff. A wider (15.5 cm.) cuff permits more 
accurate measurement of the femoral systolic pressure, except in sub- 
jects with aortic regurgitation whose pressures cannot he measured 
accurately with either cuff. 

4. Femoral diastolic pressures obtained with either cuff were grossly 
inaccurate in all subjects. 

5. The difference between the blood pressure in the arm and leg in 
patients with aortic regurgitation is not so marked as is generally be- 
lieved because the cuff, wide or narrow, does not allow true measure- 
ments of femoral pressure. Therefore, it is probable that no diagnostic 
value should be attributed to this sign. 
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THE CARDIAC CHILD IN A SPECIAL SCHOOL 

Kate H. Kotin, M.D.J and Ruth P. McEldowneyI 

Chicago, III. 

O NE of tlie major public health problems concerned with children is 
that of heart disease which is usually one of the sequelae of rheu- 
matic fever. Although an estimate of the prevalence of rheumatic heart 
disease is difficult to obtain, Paul 1 slates that such an estimate in the 
United States “would indicate that between 350 and 700 cases exist 
for every iOO.OOO people.” It is well known that not all attacks of 
rheumatic fever lead to heart disease. This is a point which many feel 
has been frequently overlooked. Nevertheless, Swift 2 states: “The 
seriousness of rheumatic fever to the individual and to large groups of 
individuals needs no arguing, but there has been less emphasis on the 
number of patients who have recovered from an acute heart attack 
without heart involvement., and on the possibility of leading a long, 
useful and happy life, even wth a certain degree of distortion of the 
heart valves, if the patient has permanently subdued the rheumatic 
infection. It would thereby seem only the part of wisdom for society 
to. provide the machinery whereby more patients may be moved to this 
more fortunate class, even though the rheumatic fever still exists. 
This would be the objective of an efficient health program.” 

Although much less frequent than the rheumatic type, other forms 
of heart disease, such as the congenital type, may also cripple many 
children. An adequate health program is concerned with educating 
the child ? s parents and instructing his teachers, and many authorities 
agree with Connor 3 that: “'A proper regime can be instituted and 
carried out only by the cooperation of the school teachers, the parents, 
the physician, the school nurse, the medical social worker, the welfare 
agencies, housing authorities, and departments of health.” 

In order to form an estimate of the advantages of sending cardiac 
children to special schools where, in addition to the normal educational 
program, emphasis is also placed on instructing the child to live and 
work with his handicap, we have undertaken a study of cardiac pupils 
who have attended the Jesse Spalding School of Chicago. The Spalding 
School is one of four elementary schools (first to eighth grades) and one 
high school set up by the Public School System of the City of Chicago 
in 1899. These schools were designed to furnish normal school environ- 
ment and education for handicapped children, and, as designed, were 
originally intended to assist crippled children to attend school, primarily 

Received for publication Nov. 9, 1943. 

*Dr. Kate H. Kohn is the Chicago Heart Association school physician at the 
Spalding School. 

tRutli P. McEldowney is the executive director of the Chicago Heart Association. 
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t; c: 
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5r C& 

ON LEAVING 
SPALDING 

Y 

3 

&: O 

71 o 

5 “ 

^ c 

X * 

O 

w 3 

3 <: 

2 55 

| 

z 

** ** 

f.-f w 

S 2 « 

SL S f? 
rt, O 

Vi £ £ 

^ i. ji 

o w 

Y 

m 

u 

> x 

Y, 


2 

5? 

o 

Y 

*5 

< 

*- 

1 

Vi 

£ 

c 
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** 
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Vi 

Vi 

s\ 
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210 

Jb ! 

9 

Mitral 

insuffi- 

ciency 

and 

stenosis 

. 

I 

4 

Mitral 

insuffi- 

ciency 

and 

stenosis 

I 

No further 
special school 
care felt to he 
necessary 

1 

■Subacute 
bacterial 
endocar- 
ditis; rheu- 
matic heart 
disease 


24 

I 

M 

14 

Congen- 

ital 

heart 

disease 

UA 

£ 

Congeni- 
ta] pul- 
monary 
stenosis 

IIA 

Left against 
medical advice 

2 

Morbus 
caeruleus, 
impotency 
of fora- 
men ovale 


lflj 


I 

15 

Organic 

heart 

disease 

IIA 

■ 

Organic 

heart 

disease 

IIA 

No further 
special school 
care felt to be 
necessary 

I 

Mitral 
stenosis 
and regur- 
gitation 


1 

211 

M 

9 

Mitral 

insuffi- 

ciency 

and 

steno- 

sis; 

post- 

scarla- 

tinal 

If A 

I 

jj 

III 

111 at home 

1 



11 

1/4 


11 

Mitral 

insuffi- 

ciency 

and 

steno- 

sis; 

aortic 

insuffi- 

ciency 

IIA 

1 

Mitral 

insuffi- 

ciency 

and 

steno- 

sis; 

aortic 

insuffi- 

ciency 

IIA 

No further 
special school 
care felt to he 
necessary 

9 



21 

~W 

112 

-bf 

14 

Congen- 
ital 
heart 
disease ; 
inter- 
ventric- 
ular 
septal 
defect 

11 A 

2 

Congen- 

ital 

heart 

disease; 

inter- 

ventric- 

ular 

septal 

defect 

IIA 

Overage — 
staying at 
home 

4 

l 

1 

Malignant 

endocar- 

ditis 

X 

H 

Mi 

11 

Rli. M. I. 

11 A 

... . 

2 

Rh. M. I. 
and H. 

IIA 

No further 
special school 
care felt to he 
neeessarv 

3 j Chronic { 

1 myocar- ] 

| ditis | 

i ! 


10 

118 

ii 

10 

Rh.M.I. 
and S- 

IIA 

2d 

Rh. M. I. 
and 8. 

IIA 

111 at home 

11 jlnactive _ 

) rheumatic J 
j heart dis- } 
1 ease vrith ; 
AL L and 

S. ! 


23d 


I. and S. i 
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Ey 
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O 

in 
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o 

5s 

C3 

t-H 

£ 

o 

h-t 

Eh 

<< 

O 

i—i 

i—i 

0 2 

W 

P 

o 

5 

M 

• 7 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIA 

3 

Mitral 

insuffi- 

ciency 

and 

stenosis 

III 

111 at home 

2 

Chronic 
myocar- 
ditis with 
ascites 


• 12 

9 

M 

9 

Rli. M. I. 
and S. 

IIA 

3 

Eh. M. I. 
and S. 

IIA 

No further 
special school 
care felt to be 
necessary 

11 



23 

64 

F 

8 

Mi. M. I. 

IIA 

3 

Rh. M. I. 
and S. 

HA 

No further 
special school 
care felt to be 
necessary 

6 

Rheumatic 

heart 

disease 


17 

S4 

F 

14 

13 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIA 

3 

Eh. M. 1. 
and S. 

A. I. 

IIA 

'Working 

3 

Acute bac- 
terial en- 
docarditis 


20 

5G 

M 

Mi. M. I. 
and S. 

A. I. 
and S. 

IIA 

3* 

“ i 

Eh. M. I. 
and S. 

A. I. 
and S. 

IIB 

111 at home 

1 

Chronic 
rheumatic 
endocar- 
ditis and 
myocarditis 

i 

174 

183 

F 

14 

Congen- 

ital 

heart 

disease 

IIA 

34 

Congen- 

ital 

heart 

disease 

IIA 

Working 

S 



254 

186 

F 

,9 

Eh. M. I. 
and S. 

IIA 

34 

Eh. M. I. 
and S. 

III 

111 — hospital- 
ized 

1 

Mitral 
stenosis 
and regur- 
gitation ; 
rheumatic 
endocar- 
ditis 


134 

215 

F 

10 

Mitral 
. insuffi- 
ciency 
and 

stenosis 

IIA 

4 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIA 

Moved 

4 

Chronic 
endocar- 
ditis; myo- 
carditis 


18 

25 

19 

119 

Ft 

14 

Eh. M. I. 
and S. 

IIA 

4 

Eh. M. I. 
and S. 

IIA 

Graduated — 
high school 

1 

Acute 
cardiac 
failure ; 
rheumatic 
endocar- 
ditis 

x 

. 144 

M 

1 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIA 

4 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIA 

No farther 
special school 
care felt to be 
necessary 

8 

Rheumatic 
heart 
diseased- 
double 
mitral and 
aortic 
lesions 
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212 

F 

30 

Mitral 

insuffi- 

ciency 

and 

stenosis 

I1A 

4 ; 

Kh. M. 1. 
and S. 
A. T. 
and S, 

HI 

111 — hospital- 
ized 

% 

j 

Mitral in- 
sufficiency 
and steno- 
sis; cardiac 
hyper- 
trophy and 
i dilatation 


144 


M 

11 

Hli. M. I. 
and S. 

II A j 

4,1 

Hli. M. I. 
and S. 

IIA 

III at home 

! 

9 

1 


24 i 

1 

M 

10 

Mitral 

insuffi- 

ciency 

and 

stenosis 

JIA 

7 

Kh. M. I. ; 
and B. 

JIA 

Overage — 

I staying at 
home 

2 

Rheumatic 

heart 

disease 

: 

! 


39 

8 

F 

9 1 

Organic 

heart 

disease 

JIB 

4 

Organic 

heart 

disease 

JIB 

No further 

I special school 
care felt to he 
necessary 

2 

; 

; 

j 

| 

! 

04 

8G 


8 

Kb- M. I. 

IIB 

■ 

; 

! 

4 

Kh. M. I. 
and S. 

i 

IIB 

, 

111 at home 

5 

Chronic 
valvular 
heart dis- 
ease with 
acute ex- 
acerbation ; 
acute ar- 
ticular 
rheumatism 


334 

: 

354 

F 

35 

Rheu- 

matic 

Myo- 

carditis 

IIB 

'z 

Rheu- 

matic 

myo- 

carditis 

! 

i ITB 

111 at home 

1 

Rheumatic 
heart dis- 
ease with 
mitral ste- 
nosis; re- 
gurgitation 
pericarditis 


! 10-4 

203 

F 

15 

i 

Kh. M. I. 
and S. 

A. L 

IIB 

1 

1 

Kh. M. J. 
and S. 
i A. I- 

1 hi 

! 

; 1 

111 at home 

1 



304 

205 

M 

1 35 

kli- M. L 
and S. j 

IIB 

j 

j J. 

f ' z 

| Kh. M. 1. 
and S. 

IIB] 

i 

Left against j 3 
medical advice; 
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02 

VI 
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3 

VI 

m 

c 

X 

c 

X 

o 
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U2 

V2 

5 

32 

F 

16 

Rh. M. I. 

IIB 


Eli. M. I. 
and S. 

hb 

111 at home 


Terminal 
lobar pneu- 
monia ; 
clironic 
rheumatic 
endocar- 
ditis with 
cor bovi- 
rram 


18 

97 

F 

14 

Eli. M. I. 
and S. 

IIB 

I 

Eli. M. I. 
and S. 

IIB 

111 at home 

I 

Organic 
heart dis- 
ease; acute 
pulmonary 
edema 


16 

99 

Mt 

16 

Eli. M. I. 
and S. 

A. I. 

IIB 

1 . 

Eh. M. I. 
and S. 

A. 1. 
and S. 

IIB 

Graduated — 
high school 

4 

Subacute 
bacterial 
endocar- 
ditis with 
multiple 
infarcts in 
kidneys 
and spleen 


21 

143 

M 

13 

Congen- 

ital 

heart 

disease 

IIB 

1 

Congeni- 

tal 

heart 

disease 

IIB 

Moved 

3 

Rheumatism 

endocar- 

ditis 


17 

1G0 

F 

13 

Eli. M. I. 
and S. 

IIB 

1 

Eh. M. I. 
and S. 

III 

111 at home 

3 

Decompen- 

sation 

mitral 

stenosis 


17 

224 

.F 

9 

Eli. M. I. 
and S. 

IIB 

1 

Eh. M. I. 
and S. 

IIB 

Transferred — 
distance to 
special school 
too great 

3 



13 

34 

M 

13 

Eh. M. I. 
and S. 

A. I. 

IIB 

2 

Rh. M.I. 
and S. 

A. I. 
and S. 

IIB 

Moved 

2 

Chronic 

endocar- 

ditis 


17 

72 

F 

13 

Eh. M. I. 
Congen- 
ital 

IIB 

2 

Congeni- 
tal with 
super- 
imposed 
Eh. M. 

I. and S. 
A. I. 

IIB 

Left against 
medical advice 

4 

Cerebral 
embolus, 
endocar- 
ditis, and 
pleurisy 


19 

129 

F 

16 

Organic 

heart 

disease 

IIB 

2 

Organic 

heart 

disease 

III 

111 at home 

© 

o J2, 

ct 5 
O ~ 
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£5 
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W 
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o 
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o 

c- 

** 

O 

P 

w 

w 

Q 
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m 

o 

X 

2 

X 

o 

E-J 

d 

P 

5s 

«r 

157 

M 

14 

M. I. 
and S. 

A. I. 
and S. 

HE 

2 

M. 1. and 
S. 

A. I. and 
8. 

IIB 

Working 

•9 

Mitral re- 
gurgita- 
tion; 
chronic 
articular 
rheumatism 


25 

192 

1 

9 

Mitral 

1 ‘ regur- 
gita- 
tion” 

I IB 

2 

M. I. and 
8. 

III 

111 at home 

2 

Valvular 
heart dis- 
ease with 
decompen- 
sation; 
acute en- 
docarditis 


13 

18 

M 

8 

Kli. M. L 
and £5. 

I IB 

3 

lih.M. I. 
and 8. 

IIB 


2 

Chronic 

myocar- 

ditis 


13 

G8 

M 

14 

Hh. M. I. 
and 8, 

A. I. 
and 8. 

I IB 

3 

Bi 

IIB 

Graduated — 
high school 

- 

2 

Rheumatic 

heart 

disease 


19 



14 

111). M. 1. 
and 8. 

II B 

3 

Hh. M. 1. 
and S. 

IIB 

Moved 

i 

Lobar pneu- 
monia 


18 

202 

F 

13 

Hh. M. L 
and 8. 

I IB 

3 

Hh. M.I. 
and S. 

IIB 

Overage — 
staying at 
home 

4 



20 

203 

F 

14 

Mitral 

insuffi- 

ciency 

J.JB 

3 

Mitral 

insuffi- 

ciency 

and 

stenosis 

IIB 

Overage — 
staying at 
home 

3 



20 

233 

M 

12 

Congen- 

ita] 

heart 

disease 

IIB 

'J 

~4~ 

Congeni- 

tal 

heart 

disease 

JIA 

No further 
special school 
care felt to be 
necessary 

4 



19 

21 

■ 

12 

Hh. M. I. 
and S. 

I IB 

Hh. M. I. 
and S. 

JTB 

111 at home 

2 

Endocar- 
ditis ne- 
phritis 

! 

18 

28 

F 

1 

Congen- 

ital 

heart 

disease 

IIB 

4 

Congeni- 

tal 

heart 

disease 

IIB 

Working 

2 

Chronic 

myocar- 

ditis 


19 

59 

M 

10 

Kheu- 
rnal ic 
pan- 
carditis 

JIB j 4 !Hheu- 
; j rnatic 

1 j pnn- 

i carditis 

i i 

! 

i | 

t 

IIB 

Graduated — 
high school 

I 

1 

I 

2 

i 

1 

» 

Chronic 

rheumatic 

endocar- 

ditis: 

chronic i 

valvular j 
heart i 

5 

20 


! disease 
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■ W 

>—i 

w 

o 

55 

o 

< 

H- t 

c 

CLASSIFICATION 

2 5 

Ip 

x 2 

H P 

t ^ 

o u 

& 73 

w 

s 

o 

c 

(— 1 
ft 

CLASSIFICATION 

NUMBER OF YEARS A 
LEAVING SPALDING 

■>-J 

M 

P - 

M 

►M * «. ' 

sa 

Eu„ 

Q rt E 

OH 
fel — X 

o &< o 
*—• 

W g tj 

5 E E 

X O K 

o o o 

AUTOPSY 

AGE AT 

DEATH 

S9 

F 

9 

Rh.M.I. 
and S. 

IIP 

4 

Eh. M. I. 
and S. 

III 

111 — hospital- 
ized 

2 

Chronic 
myocar- 
ditis with 
decompen- 
sation ; 
pericarditis 
(acute) 


15 

210 

M. 

16 

Congen- 

ital 

heart 

disease 

IIB 

4 

Congeni- 

tal 

heart 

disease 

IIB 

Graduated — 
high school 

4 

Rheumatic 

heart 

disease 


24 

09 

1 

14 

Congen- 
ital 
heart 
. disease 

1IB 

5 

Congeni- 

tal 

heart 

disease 

IIB 

Graduated — 
high school 

3 

Bacterial 
endocar- 
ditis; con- 
genital 
heart 
disease 


22 

121 

M 

11 

Eh. M. I. 
and S. | 

IIB 

5 

Eh. M. I. 
and S. 

III 

111 at home 

2 

Rheumatic 

heart 

disease 


18 



15 


IIB 

5 

M. I. and 
S. 

A. I. 
(post- 
diph- 
theritic) 
(post- 
scarlet) 

IIB 

Graduated — 
high school 

2 

Cerebral 
embolism ; 
subacute 
bacterial 
endocar- 
ditis; rheu- 
matic pan- 
carditis 

X 

22 

204 

P , 

12 

M. I. and 
S. 

IIB 

5 

M. I. and 
S. 

IIB 

Working 

1 

Chronic 
myocar- 
ditis; car- 
diac decom- 
pensation 

1 

18 

85 

M 

11 

Eh. M. I. 
and S. 

IIB 

7 

Eh. M. I. 
and S. 

A. I. 

IIB 

Graduated — 
high school 

i 

1 

mo. 

Rheumatic 
heart dis- 
ease with 
auricular 
fibrillation ; 
cardiac de- 
compensa- 
tion; ad- 
hesive peri- 
carditis 

X 

18 

104 

M 

9 

Congen- 
ital , 
heart 
disease 

IIB 

7 

Congeni- 

tal 

heart 

disease 

IIB 

Graduated — 
high school 

2 

Strepto- 
coccic men- 
ingitis ; 
congenital 
heart mal- 
formation 

1 

18 

191 

Mt 

12 

Eh. 31. 1. 
and S. 

IIB 

94 

Eh. 31. 1. 
and S. 

IIB 

Graduated — 
high school 

1 % 

Chronic 

myocar- 

ditis 

1 

23 
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by the use of elevators, ramps, orthopedic equipment, physiotherapy, 
swimming pools, etc., even if they required constant medical super- 
vision and treatment. In 3924, through the efforts, and under the 
supervision, of the Chicago Heart Association, cardiac children were 
admitted to these schools as a group which formed at that time 33 per 
cent of the total enrollment, and is now substantially increased. 

The eligibility of a child to attend one of these special schools depends 
upon whether he “by reason of disease, accident or congenital de- 
foimity, cannot attend a regular school with safety and profit, during 
the period of his physical rehabilitation, simultaneous mental develop- 
ment, and social adjustment.” 4 The Chicago Heart Association ap- 
points a physician for each school, and, in addition, there is full-time 
nursing service, originally furnished through the facilities of the 
Visiting Nurse Association of Chicago, and now through the coopera- 
tion of the Board of Health of the City of Chicago. Bus transportation, 
elevators, ramps, and wheel chairs are provided. The nurses take 
daily pulse rate and temperature readings, carry out all treatments 
prescribed by private or clinic physicians, conduct supervised rest 
periods, make home calls to provide some social sendee contact, and 
assist the Chicago Heart Association school physician in controlling 
the activities of the cardiac child in school. 

It must he made clear that the medical management in these cases is 
left entirely to the private or clinic physician. The Chicago Heart 
Association school physician examines all children referred for admis- 
sion, and reserves the right to deny admission to noncardiacs, to those 
with heart disease in Class I who could undertake ordinary school 
activity, and to those who are too ill for any school activity. On the 
other hand, he may admit patients with recent infections in order to 
prevent possible complications and sequelae. In addition, by frequent 
re-examinations, he limits the activity of the child by rest periods and 
bv controlling the amount of school work and play. He prescribes no 
medication, but may send the child home or to a hospital, as indicated. 
Other communities 3 have followed our example with similar plans. 

METHOD OF STUDY 

All available records of cardiac children who attended Spalding 
School served as the basis for this study. The recent records were found 
to he more comprehensive and complete than those of an earlier date, 
hut all provided sufficient information. A total of 233 eases included 
in the survey tails into five groups: 

330 Completely worked up, with recheek 
physical examinations (Table I). 

56 Deceased since leaving school (Table I). 

23 Living out of town. 

39 Unable to locate. 

7 Refused to cooperate. 

Thus, 358 are living and presumably well, and 56 are dead. This leaves 
the small number of 39 unaccounted for. Of the 158 living and well. 
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f ' 

130 were available for study. We reviewed their school records, in- 
vestigated their families and environment, took complete histories of 
their health since leaving school, and then' did our own physical exam- 
inations, so that the physical signs that are dependent on subjective 
interpretation (such as cardiac murmurs) would vary as little as possi- 
ble. In addition, 32 patients had previously received a psychiatric 
interview.* 
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Fig-, i. — Data primarily on the individual. 

The questionnaire used in compiling data consists of five pages : 

Page 1. Data primarily on the student (Fig. 1). 

Page 2. Family data (Fig. 2). 

Page 3. Medical history and results of physical examination on 
entrance to school, as well as subsequent observations. Here 
both diagnosis and classification are recorded on first 
physical examination and upon discharge from school (Fig. 
3). . 

♦Conducted by Dr. Paul Schroeder and associates at the Institute for Juvenile Re- 
search in Chicago. 
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Page 4. Current social and economic data secured by home cal] 
(Fig. 4). 

Page 5. Recheek physical examination done at the office of the 
Chicago Heart Association by Dr. Arthur F. Abt or Dr. 
Kale II. Kohn. Twelve recheck physical examinations were 
done by other physicians because the patients were out of 
town at the time, or because they were under current care 
for other medical reasons (Fig. 5). 
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Fig-. 2. — Family data. 

The Classification of Patients with Diseases of the Heart prepared 
by the Criteria Committee of the New York Heart Association and 
adopted by the American Heart Association was used. This classifica- 
tion is referred to throughout this paper because it was used at the 
time of the early physical examination. It is sometimes referred to 
as the “first,” or “old,” classification, as opposed to the “new” one 
adopted in 1939.° 

In the course of the study, 494 home calls were made and 520 letters 
sent. 
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RESULTS AND DISCUSSION 

Two hundred thirty-three cases, the five groups previously mentioned, 
were studied. There were other cardiac patients in the school during the 
survey period: thirty-four students who attended for less than one 
semester, and thirty who died while registered at school; these were 
not included because their records offered too little information. 
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CARDIAC DIAGNOSIS 
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PROGRESS NOTES 


Pig. 3. — Medical history and results of physical examination on entrance to school, 

as 'well as subsequent observations. 

The diagnoses on entrance are tabulated in Table II. Eighty-five 
per cent had rheumatic heart disease and 9.4 per cent had congenital 
heart disease. It should he noted that these figures are not com- 
parable to those obtained hi studies on large groups of children in 
public schools, where the incidence of rheumatic heart disease is stated 
to be 55 per cent, 7 65 per cent, 8 or 69 per cent 9 of all organic heart 
disease found in school children. White and Jones’s study, iu 1928 (re- 
ferred to by White 10 ), showed that rheumatic heart disease constituted 92 
per cent, and congenital heart disease, 6 per cent, of all children’s heart 
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disease. The slight discrepancy here ean he explained hy the fact that 
physicians seem more likely to seek admission for those children with con- 
genital heart disease, especially when they are cyanotic, than for those 
with rheumatic heart disease in Class I or ITA. The physician is often 
willing to allow the parents of children with rheumatic heart disease of 
Class I or ITA to send them to a regular school. The majority of 
admissions were in cardiac classification IIA or TIB (Table JII). 
Patients placed in Class JII were automatically denied admission, but 
were allowed to reapply upon improvement. 
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Fig’. 4. Current social and economic data secured by home call. 

The average age at entrance was 12 years. Metropolitan Life In- 
surance Company 11 figures give the age of onset of rheumatic fever at 
from 5-9, and the average age of onset of rheumatic heart disease as 
after 10. ’ White 10 allows a larger latitude: “between the ages of 4 
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Table II 


Cardiac Diagnosis Upon Entrance to Spalding School 


DIAGNOSIS 

CASES 

WITH 

FULLY 

COM- 

PLETED 

RECORDS 

DIED 

SINCE 

LEAVING 

SCHOOL 

OUT OF 

TOWN 

UNABLE 

TO 

LOCATE 

NO 

COOPER- 

ATION 

TOTAL 

Kheumatic heart disease 

110 

43 

17 

15 

7 ' 

198 

Congenital heart disease 


10 

2 

1 


23 

Following diphtheria 

1 





1 

Paroxysmal tachycardia 1 

1 





.1 

Penal hypertension 

1 





1 

Congenital with super- 

1 





1 

imposed rheumatic 







lieart disease 







Miscellaneous 


3 

2 
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S 
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Fig. 5. — Recheck physical examination done at the office of the Chicago Heart Associa- 
tion by Dr. Arthur F. Abt or Dr. Kate H. Kohn. 
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Table III 


Cardiac Classification- on Entrance to Spalding School 


, 

classifi- 

cation 

CASES 

WITH 

FULLY 

cosr- 

I’LETED 

RECORDS 

DIED 

SINCE 

LEAVING 

SCHOOL 

OUT OF 
TOWN 

UNABLE 

TO 

LOCATE 

NO 

COOPER- 

ATION 

TOTAL 

B 

2 



1 


O 1 

<; 

F 

4 


1 

0 


8 

I 

5 

1 

3 

1 


30 

1TA 

63 

20 

.0 

9 

G 

307 

IIB 

50 

35 

8 

0 

1 

305 




I 
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Table IV 


Nationality ok Families 


NATIONALITY 

CASES 

WITH 

FULLY 

COM- 

PLETED 

RECORDS 

DIED 

SINCE 

LEAVING 

SCHOOL 

OUT OF 
TOWN 

UNABLE 

TO 

LOCATE 

NO CO- 
OPERA- 
TION 

TOTAL 

American 

31 ! 

32 

9 

9 

*> 

04 

Assyrian ' 


1 




1 

Bohemian 

V 





5 

Can arli an 

1 





3 

Czechoslovakian 

3 





'J 

•) 

Danisli 

3 





1 

English 

! 2 

3 




3 

German 

4 

4 

1 

1 


10 

Greek 

3 

1 




4 

Irish 

9 ! 

2 

2 



33 

Italian 

38 

9 


1 

2 

30 

Lithuanian 

2 

2 

1 



5 

Norwegian 


1 

| 



i 

Polish 

33 

5 

2 

5 i 

1 

20 

Russian 

17 

32 

2 

2 


33 

Scotch 






2 

Swedish 


2 




8 

Ukranian 






1 

Bohemian-Jrish 






1 

Croatian-Hungarian 






1 

Duteh-Germari 
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English-Irish 






1 
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: l 
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2 ! 
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1 1 
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Scotch-Irish 

4 





4 
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and 15 years, the height of onset (of rheumatic heart disease) being 
between the seventh and eighth years.” 

Tiie nationality of the families of the students was as varied as 
would be expected in a city like Chicago. Americans made up the 
largest group, and Russians, Italians, and Poles followed in that order 
(Table IV). No racial or national group has ever been found to be 
resistant to either rheumatic or congenital heart disease. 9 ’ 10 Onty seven 
of our patients were Negroes, but this was due to the location of the 
school in the city, and not to a resistance on the part of that race. 

Most of the families had four or five children, although one fairly 
large group of those who died after leaving school were from families 
with six or more, children. The families were rated by the nurse when 
she made her home calls as either good, fair, or poor from a socioeco- 
nomic point of view. Thirty-eight per cent were rated good; 39 per 
cent, fair; and 23 per cent, poor. These groupings must be compared 
to the ratings of a public school group in a big city, and not to the 
population at large, for rheumatic fever is known to be one hundred 
times more common in the poorer socioeconomic strata. Rheumatic 
fever and rheumatic heart disease are rarely found in private schools. 10 
Also, the Spalding School is located in an exceedingly “poor” 9 neigh- 
borhood, and the best of its families are in the lower income brackets. 

Our patients were approximately equally divided as to sex, and no 
difference in severity of the heart disease in either sex was noted. 

The grade placement of children with heart disease is affected by 
their condition only insofar as it keeps them out of school for long- 
periods of time. Otherwise, our students were in the grade in school 
which was commensurate with their age and mentality, as is the well 
child. The school itself is able to meet the educational requirements of 
a standard Illinois elementary and high school. 

Thirty-five of these students had been given a psychiatric interview.* 
Seventeen of these are living, and eighteen died after leaving school. 
Two-thirds of the group appeared to recognize their handicap and to 
accept it for the most part. Their acceptance had a definite correlation 
with their identification with the school and their enhanced feeling of 
security while in school. Some of those who felt or showed this in- 
creased security stated that it was because they were one of a group, 
and not one person singled out for special emphasis because of heart 
disease. Also, many said they knew being at the school would help 
their condition, and so eagerly accepted it. Lyon, et al., 12 whose group 
of twenty-two children with heart disease were attending regular school, 
found that many of the special problems of these children, such as 
worry over, or resentment against, his* illness, concealment of it in order 
to increase his activity, etc., were removed by “conferences with school 
teachers and school principals, by advice to parents and other children 
in the family and by the provision of special activity and vocational 

♦Conducted by Dr. Paul Schroeder and associates at the Institute for Juvenile Re- 
search in Chicago. 
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training for tiie patients.” In general, the interviews led ns to agree 
with. Silver: 13 “That the presence of these handicaps has not caused 
any marked deviations from the standards of ordinary conduct or any 
disturbance in the development of normal social relationships.” 

The average length of stay in Spalding School was 2.4 years, al- 
though some students attended other special schools in the city before 
or after Spalding School, and so presumably were in a special school 
longer. Many patients, if improved while in Spalding School, are 
labeled “no further, special school care felt to be necessary” by their 
own physician or the Chicago Heart Association school physician. 
Various other reasons for leaving Spalding School are shown in 
Table V. It is interesting that only seven out of 233 left against med- 
ical advice, which means that no possible excuse for considering them 
improved enough to be classified in the first group could be found. 
Three of the seven later died. Only nine out of a total of 309 consid- 
ered improved enough to leave were in the died-since-leaving-school 
group. It should be further noted that 39 out of 26 who left school be- 
cause of the severity of their illness later died. 

Table V 


Reasoxs for Leaving Scalding School 


REASON FOR 
LEAVING 

CASES 

with 

FELLY 

COM- 

PLETED 

RECORDS 

DIED 

SINCE 
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SCHOOL 
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TOWN 
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TO 

I/)CATF. 

NO CO- 
OPERA- 
TION 

TOTAL 
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70 

9 

n 

12 

1 

109 

felt neeessarv 
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];> 

10 



1 

20 
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5 

5 

G 

3 

,1 

20 
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12 

y 

2 

I 

2 

22 

Overage ( staying at 

.9 

4 

1 

] 

1 

10 

home) 



1 




111 at home 

n i 

15 

1 

1 


20 

111, hospitalized 

o 

4 




0 

To parochial school 

9 



1 


3 
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o 

3 



1 

7 

advice 
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i 

1 




i 2 

special school too great 






! 

Dismissed to Municipal 
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! 



1 

Tuberculosis .San if a- 







riurn ( pulmonarv 
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Dismissed — pregnant 

i 





1 

1 
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The cardiac diagnosis and classification on leaving the school re- 
mained the same as that made on entrance in most instances. A few 
children were thought to have developed further valvular damage, but, 
in the great majority, clinical observation showed no progression of 
disease. Occasionally, variations in the clinical signs in cases of con- 
genital heart disease would change the anatomic diagnosis, but it is 
known that the clinical signs in congenital heart disease are often in- 
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constant, and therefore this does not imply that the patient’s condi- 
tion is worse. 

As previously stated, 130 patients were interviewed and examined 
to ascertain what had happened to them since leaving the school. The 
youngest was 17 years old, and the oldest, 33, at the time of the re- 
cheek physical examination. There were 65 males and 65 females. 
Thirty-two of the women were married : fourteen had borne one child ; 
three had two children; one had three children; two had had four 
pregnancies; three were pregnant. None reported that her heart con- 
dition had adversely influenced her pregnancy or labor to any great 
extent. All of these women stated that the medical care given them 
during their pregnancies and labors took into account their heart con- 
dition. Martin 34 reports similar observations. Stroud and Twaddle 15 
reported that one out of 27 had congestive failure at the time, of de- 
livery. 

One hundred nineteen (60 males, 59 females) reported that they 
either saw a. physician regularly or had been examined at least within 
the previous three years. Seven (2 males, 5 females) had not seen a 
physician within three years, but had done so prior to that time. Four 
(3 males, 1 female) had had no medical care since leaving school. 
Presumably the effort made in school to educate them to the necessity 
of frequent medical checkups had some effect. It should be further 
noted that there were few intervening illnesses, operations, or accidents 
which required medical attention, other than that necessitated by their 
cardiac condition. 

Twenty-six (20 per cent) had recurrences of rheumatic fever: 13 had 
one recurrence, 10 had two, one had three, one had five, and one had 
ten (the latter patient, incidentally, is now quite well and in cardiac 
classification II A). Wilson 10 states that the number of recurrences of 
rheumatic fever tends to decrease after puberty. According to Colin 
and Lingg, 17 there is “diminished susceptibility to rheumatic infec- 
tion at puberty.” Therefore, this low percentage of recurrences was 
to be expected, for most of these students were approaching puberty, or 
were beyond it, when they left school. 

The diagnoses, on the whole, remained the same as those made on 
leaving school." Because of the lapse of time since the initial infection, 
it was possible to discard a diagnosis of “potential” or “possible” 
heart disease for a definite diagnosis of “no cardiac disease.” In five 
cases “auricular fibrillation” had to be added to the diagnosis, and 
one patient had had auricular fibrillation for two years, but not at the 
time of the recheck examination. This patient had had five recurrent 
attacks of rheumatic fever. Of the other patients who had auricular 
fibrillation, three had had two recurrent attacks of rheumatic fever and 
two had had one recurrent attack each. Four were classified in Class 
III and two in Class IIB. Table VI lists fourteen cases of auricular 
fibrillation, with the number of years during which it is definitely 
known to have been present. Four eases are from this study. Ten 
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Table VI 


Cases of Auricular Fibrillation' 


■ 

CODE 

NUM- 

BER 

SEX 

age at 
RECHECK 
EXAMINA- 
TION' 

ENTRANCE 

DIAGNOSIS 

KNOWN 
DURATION' 
OK FIBRIL- 
LATION 
fVR.) 

COMMENT 

1 

■ 

i 

20 

nii. m. i. 

and S. 

4 

Completed high school in. 4 
years without remission of 
fibrillation 

2 

17* 

F 

19 

Rh. M. T. 
and 8. 

1 


3 


F 

19 

nil. m. i. 

and S. 

4 

Completed high school in 4 
i years 

4 


M 

22 

Rh. M. T. 
and S. 

A. I. and 

8. 

1 

Completed high school in 5 
years with fibrillation during 
last year 

0 


M 

16 

Rh. M. I. 
and S. 

4 

’ 

6 

13* 

H 

21 

1 

Rh. M. I. 
and S. 

A. T. and 

8. 

2 

Five recurrent attacks of rheu- 
matic fever 

7 

101* 

M | 

; 

20 

Rh. M. I. 
and S. 

8 mo. 

Two recurrent attacks of rheu- 
matic fever 

8 

27* 

F 

24 

Rh. M. I. 
and S. 

4 

One recurrent attack of rheu- 
matic fever 

9 


H 

21 

Rh. M. I. 
and 8. 

4 


10 


M 

Aye at 
Death 

19 

Rh. M. I. 
and S. 

A. J. and 
8. 

2% 

Fibrillated continuously last 
2% years of high school. 
Completed high school in 4 
years. President of his class 

11 


M 

24 

Rh. M. I. 
and 8, 
following 
scarlet 
fever 

3 

Completed high school in 4 
years without remission of 
fibrillation 

12 


it 

18 

Rh. M. I. 
and »S. 

6 

Four years high school with 
demise 2 months before 

graduation. Ranked first in 
his class. Worked after 

school last 2 years 

13 


■ 

17 

Rh. M. 1. 
and 8. 

1 


14 


I 


QQBHJQHj 

1 i 

j 



•Refers to case number in Tabic I, 


others students at Spalding School, but outside the scope of this 
study- are included because of interest in the clinical condition and 
general picture of children who have auricular fibrillation over a long 
period of time, rather than as a terminal event. Nine (3 males, 6 
females) are living. The youngest was 16, the oldest, 26, years of age. 

. 7 he duration of auricular fibrillation varied from eight months to four 
years; four of these patients have had it for four years. Five (4 males, 
1 female) of them are dead. The youngest was 15, the oldest, 24, years 
of age. Two had had auricular fibrillation one year before death, one, 
two and one-half years, one, three years, and one, six years, so that 
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their period of fibrillation could hardly be considered a. terminal event. 
The great majority of them knew when they had auricular fibrillation, 
but did not exhibit any undue concern over their heart condition. In 
general, they did well in school. 

It is interesting to compare the cardiac classification on reeheck ex- 
amination with that on leaving school. The number of years since 
these students left the school varies from one to 18 years. Of the 76 
who left school because they were considered well enough to attend 
regular school (see Table V), 2-1 (6, IIB; 15, IIA; 3, I) are better, 
36 (5, F or E; 8, I; 18, IIA; 5, IIB) are the same, 16 (2,F; 3, I; 9, 
IIA; 2, IIB) are worse, and 2, classed as IIB, are now Class III. 

Of the 15 who left because they had completed high school, 6 (1, E; 
2, IIA; 3, IIB) are better, 6 (3, IIA; 3, IIB) are the same, 3 (2, IIA; 
1, IIB) arc worse, and the last-mentioned IIB is in Class III. Of the 
5 who moved out of the district, 3 (1, IIA; 2, IIB) are better, one IIB 
is the same, and one IIA beeame a Class III. 

Of those who left to go to work, 6 (2, IIA; 4, IIB) are better, 5 (1, 
I; 3, IIA; 1, IIB) are the same, and one IIA beeame IIB. Of those 
who stayed at home, 2 in Class IIA are better, 5 (3, IIA; 2, IIB) are 
the same, 2 (1, I; 1, IIB) are worse, and the last-mentioned IIB is in 
Class III. Of those too ill to attend school, 2 (1, IIA; 1, IIB) are the 
same, and one in Class IIA is now in Class IIB. 

Of those hospitalized, two in Class IIB are better. Two in Class IIA 
left to go to parochial school, and are now in Class IIB. Three left 
against medical advice: two in Class IIB are better, and one in Class 
IIA is the same. One in Class IIB who lived too far away to continue 
at the school is now in Class I. One in Class IIB with active pulmonary 
tuberculosis is now in Class IIA, but is a. schizophrenic. One in Class 
IIA who left because of her pregnancy is now in Class I. To sum- 
marize: 48 are better, 56 remained the same, and 26 are worse. Of 
the five in Class III, all have auricular fibrillation. 

It is interesting to note what these persons are able to do. Almost 
all of them are working. The jobs held cover a wide field: 


Commercial art work: 
Poster artist 
Greeting card artist 
Plaster art worker 
Sign painter 
Dental technician 
Librarian 
Photographer 
Photographer ’s model 
Piano teacher 
■Reporter (newspaper) 
Soldier (U. S. Army) . 
Student 
Office work: 

File clerk 


Window decorator 
Factory : 

Candy packer 
Package wrapper 
Packer 

Punch press operator 
Receiving room (clerk) 
Shipping clerk 
Barber 
Butcher 

Carpenter’s helper 
Electrician’s helper 
Machinist helper 
Plasterer’s helper 
Plumber’s helper 
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Stenographer 
Switchboard operator 
Typist 

Retail business: 
Purchasing agent 
Order fiber 
Shoe store owner 
Cashier 
Clerk: 

Department store 
Bakery 
Grocery 
Dressmaker 

Solicitor (outside work) 
Theatre usher 
“26” girl 


Printer’s helper 
Tool die maker 
Cab driver 
Car washer 
Coal man 

Delivery and errand : 
Pharmacy 
Florist 
Stock broker 
Domestic: 

Hotel 

Private family 

Repair man (hardware store) 
Subway mucker 
Truck driver 
Waiter , 

Waitress 


Only five had never worked or were not working at the time of this 
study. Many were doing heavy work. Fifty per cent of the women 
were doing their own housework and taking care of their children as 
well, and let no one say this is not heavy labor. One man had been 
accepted by the Army and was in active sendee. One traveling sales- 
man carried his heavy sample suitcases all day, and climbed many 
flights of stan-s with them. 

Their recreational activities cover just as wide a field as did their 
jobs ; 


Home 
Art work: 

Charcoal drawing 
Water coloring 
Clay modeling 
Beautj' culture 
Cards 
Cooking 
Crocheting 
Knitting 
Mechanics 
Printing 
Photography 
Philately 
Radio 
Reading 
Sewing 
Music : 

Accordion 

Clarinet 

Piano 

Violin 

Singing 

Community activities : 
Boy Scouts 
Girl Scouts 


Church socials 
Clubs 
Dances 
Movies 

National Guard 
Out of doors and sports: 
Baseball 
Basketball 
Bathing 
Bicycling 
Bowling 
Fishing 
Football 
Golf 

Gymnastics 

Hiking 

Horseback riding 
Hunting 

Automobile rides 
Roller skating 
Skiing 

Speed boating 
Swimming 
Tennis 
Travel 
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These are recreations common, to all young people, and the cardiac 
condition seems to have exerted little influence except insofar as the 
person was actually limited to sedentary activity. Dancing was a 
favorite of many, and can scarcely be considered sedentary. 

We have been unable to locate 19 of the students. Seven refused to 
come for examination or to answer any questions, and 21 were re- 
ported to be living out of town. However, these latter groups should 
be considered among the living. Fifty-six are known to be dead, mak- 
ing a mortality of 26 per cent for the entire group. Stroud and Twad- 
dle 15 reported 21 per cent mortality in their series, and quoted Jones’s 
report of 24.2 per cent mortality in his series and Halsey’s report on 
Irvington .House patients as 24 per cent. Martin 14 reports 29.9 per 
cent mortality in his group. However, it must be noted that ten of 
the 56 who died had congenital heart disease — a total of 18 per cent. 
Of- the group of 15S known to be alive, only 12, or 7.6 per cent, had 
congenital heart disease. Hedlev 18 states that most observers consider 
"approximately 10 per cent” of deaths from heart disease among 
young persons to be of congenital origin. Our figure of IS per cent is 
higher because this was a selected group of children with severe heart 
disease who were well enough to attempt some school activity. Chil- 
dren of school age with severe congenital heart disease are more likely 
to be sent to a school of this kind, if it is at all possible, than children 
with severe rheumatic heart disease. 

The length pf time these children lived after leaving the school varied 
from one to eleven years. Of 9 who left because no further special 
school care was considered necessary (see Table V), 2 lived eleven 
years, 1 lived nine years, 1 lived eight years, 1 lived six years, 1 lived 
four years, 1 lived three years, 1 lived two years, and 1 lived one year. 
But of those 19 who left because they were too ill to remain hi school, 
1 lived eleven years, 1 lived nine years, 1 lived five years, 1 lived three 
years, 5 lived two years, and 10 lived one year or less. Three left 
against our advice — 2 of them had congenital heart disease. One lived 
two years, 1 lived four years, and 1 lived three years after leaving- 
school. It is interesting that 41 out of this group of 56 had done no 
work of any land — even light housework — since leaving school. Con- 
sidering their economic level and the fact that all the others mentioned 
some job, however small, it is presumable that these 41 were too ill to 
work. 

AYe were able to ? obtain forty-three death certificate reports. Twenty- 
four definitely stated or clearly implied that the "cause of death” (or 
one of the contributing factors) was rheumatic heart disease. In eleven 
cases in which the same diagnosis had been made during life, the 
"cause of death” was "chronic myocarditis” or an equally nonspecific 
diagnosis. In eight cases the ante-mortem diagnosis was congenital 
heart disease. According to the death certificates, two of these patients 
had died of rheumatic heart disease, one of chronic myocarditis, one of 
bacterial endocarditis with congenital heart disease as a contributing 
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factor, one of malignant endocarditis (with no mention of the con- 
genital deformity, even though an autopsy was performed), one of 
streptococcic meningitis with congenital heart disease a contributing 
factor, one of morbus eaeruleus and patent foramen ovale, and one of 
cerebral embolism and endocarditis. Two patients died of cerebral 
embolism. One of them had subacute bacterial endocarditis, and both 
conditions were found at autopsy; the other had a diagnosis, before 
death, of congenital heart disease with superimposed rheumatic heart 
disease. There were three who died of subacute bacterial endocarditis; 
all three had had rheumatic heart disease. One patient died of lobar 
pneumonia; his rheumatic- heart disease was not mentioned on the cer- 
tificate. Only four autopsies had been performed ; two confirmed diag- 
noses of rheumatic heart disease; one, previously mentioned, confirmed 
the diagnosis of cerebral embolus and subacute endocarditis; one, also 
previously mentioned, was reported as confirming the diagnosis of the 
cause of death as malignant endocarditis, without any mention of the 
congenital deformity that was known to have been present. 


COMMENT 

This is a survey of a group of children with heart disease whose 
medical treatment was supplemented by their attendance at a special 
school Evidence is here presented that these children progressed 
favorably from the clinical point of view. In addition, they lived at 
home and continued their education in a normal manner. They and 
their families received continual intensive advice and guidance through 
the normal ordinary channels of parent-teaehcr-school relationship. It 
should be further noted that patients with congenital heart disease with 
marked cyanosis — usually severely handicapped — were also enabled to 
attend school without embarrassment or risk. Authorities 2 ’ u> 15 agree 
that patients who have had rheumatic fever need along convalescence, 
either to prevent the development of heart disease or to treat the heart 
disease which has already appeared, and that this is best done in a 
convalescent home. In his survey of facilities available for the care 
of cardiac children, Hedley 19 discusses types of convalescent institu- 
tions in detail, and states that treatment should be planned for “about 
one year.” Of the twelve states who had cardiac programs in opera- 
tion by January, 1942, eleven had made provision for sanitarium care, 
and most of them had also provided some plan of foster home care. 20 

A typical state program, as outlined by Galvin, 21 attempts to pro- 
vide treatment for the sick child and follow-up care for the convalescent 
child, but it makes no provision for control of the child over a long 
period of time. However, Galvin 21 states: “information regarding the 
school child is sent promptly to the school principal and school nurse 
to protect him not only from undue exposure to colds and unwise 
activities but also from oversolieilude.” In a special school, the child 
remains in his own home, yet receives such protected schooling. Also, 
both he and his parents are educated to the special needs of heart dis- 
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ease in childhood and in the future. Much parental anxiety is removed, 
and this tends to relieve the cardiac child of one of his greatest handi- 
caps — the oversolicitous and fearful parent. 13 ' 22 

Utter 23 stresses the need of; informing the child about- his own care 
and the avoidance of future infection. Siegel 24 states that children 
with congenital heart disease whose lesions, although severe, are com- 
patible with a life of limited activity should have “ regulation of exer- 
cise, anticipation and prevention of intercurrent disease and educa- 
tion for a suitable vocation. ” White 23 and his group conclude that the 
child's cooperation is best when the environment is made as homelike 
as possible. Martin 14 mentions the importance of avoiding wrong diag- 
noses in order to prevent cardiac neuroses. Also, he stresses the avoid- 
ance of partial invalidism among those with heart disease who are able 
to lead normal, if limited, lives. 

In general, authorities are agreed on the need for care of children 
with rheumatic heart disease long after the initial infection. Con- 
valescent homes are best for that desirable “continuity of care” 26 im- 
mediately after the initial illness or the recurrence. But, for long- 
periods thereafter, patients with inactive rheumatic heart disease and 
children with congenital heart disease need limited activity, medical 
supervision, and guidance and education for the future. Obviously, as 
Galvin 27 points out, only limited numbers of patients can be cared for 
in institutions and foster homes. The special school permits shorten- 
ing- of the period of time during which these facilities are required. 
Special facilities, such as those described for Chicago, in the local pub- 
lic school' system offer any cardiac child the opportunity for a school 
life which is made more normal by the fact that he is enabled to live 
with his own family in his own home and to attend school as other 
children do. 

SUMMARY 

1. The importance of the public health aspect of cardiac disease in 
children is discussed briefly. 

2. A school program for cardiac children is described. 

3. Data are presented on a follow-up survey of all students who had 
attended such a school. This covered approximately a ten-year period. 
Of the total of 233 students, 158 were living and 56 were dead. 

4. Of 130 -examined, 104 had either improved or remained in the 
same cardiac classification since leaving the school. Their current 
activities are described. 

5. A special school for cardiac children serves the following purposes 

a. . It can carry on where the convalescent- home leaves off, and can 
continue for much longer periods of time the kind of medical super- 
vision a child with rheumatic heart disease requires. 

b. A more normal life for cardiac children of school age with lim- 
ited capacity for any activity is provided. 

c. Contact is made with the parent, as well as the child, and thus 
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both can be educated in the practical aspects of the type of living suit- 
able for cardiac children and adults. 

Hr. Arthur F. Abt, formerly chief Chicago Heart Association physician at 
the Spalding School, and now on military leave of absence, initiated this study 
and has given much of his time and advice to its execution. 

Wo wish to thank Dr. Isaac A. Abt, Miss Elizabeth Stern, and Miss Grace 
Bennett for their assistance. 

The school records were made available to us by the Board of Education of 
the City of Chicago. 

Death certificates were made available to us by the Bureau of Vital Statistics, 
Cook Comity Clerk's Office, City of Chicago. 

School nurses stationed at the Spalding School by the Board of Health of the 
City of Chicago assisted in the recheck physical examinations. 
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Clinical Reports 


ELECTROCARDIOGRAPHIC CHANGES SIMULATING THOSE 
OF ACUTE MYOCARDIAL INFARCTION IN A CASE OF 
PERFORATED GASTRIC ULCER 

Franklin D. Murphy, M.D., and Mary M. Livezey, M.D. 

Philadelphia, Pa. 


T HE differentia] diagnosis between myocardial infarction and acute 
surgical lesions of the upper abdomen is at times difficult, yet ob- 
viously of the greatest importance, for the former demands conservative 
management, whereas the latter may require immediate surgical inter- 
vention. 

The fairly characteristic electrocardiographic patterns which occur 
with myocardial infarction make the electrocardiogram a valuable ad- 
junct in the differentiation of these two types of acute disease. How- 
ever, to interpret properly the electrocardiographic data obtained under 
these circumstances, certain pitfalls must be avoided, one of which is 
the not infrequent absence of electrocardiographic changes early in myo- 
cardial infarction.^ Second, one must bear in mind the occurrence of 
single or multiple coronary artery occlusions in elderly patients in 
shock, 1 a situation in which myocardial infarction occurs in association 
with, and probably as an indirect result of, the acute surgical or c< shock- 
ing 5 J disease. ‘•'The case described here represents still another pitfall 
in diagnosis, namely, electrocardiographic changes suggesting acute myo- 
cardial infarction without coronary artery occlusion, but in the presence 
of a ruptured abdominal viscus with associated shock. 




REPORT of case 

H. V., a white man, aged 68 years, was admitted to the Hospital of 
the University of Pennsylvania Feb. 8, 1943. On the day of admission, 
while en route to the Gastrointestinal Clinic, he became weak, collapsed 
oh the street, and was brought into the Hospital by the police. His 
history was one of upper abdominal pain for the preceding ten years. 
The pain was dull, nonradiating, occurred usually ten to fifteen minutes 
after meals and during the night, and was relieved by alkali. During 
the two months prior to admission, he had lost about 40 pounds in 
weight, probably because of marked 1 anorexia. During this time he also 
had meleiia, hematemesis, and mental confusion, and had resorted to the 
use of sodium bicarbonate every few hours. There was no history of 
'.exertional dyspnea, or angina of effort. 

Physical examination on admission revealed an emaciated white man 
who appeared anemic, dehydrated, and chronically ill. The tempera- 

From the Medical Clinic and the Edward B. Robinette Foundation, Hospital of 
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ture was 98° F., the pulse rate, 78, and the blood pressure, 170/100. 
The chest was emphysematous. The heart did not seem enlarged on 
clinical examination. The first heart sound was distant, the aortic 
second sound was accentuated, and a soft blowing systolic mui-mur was 
heard at the apex. Examination of the abdomen revealed moderate dis- 
tention and slight bilateral upper abdominal tenderness without rigidity. 
The edge of the liver was felt 2 cm, below the right costal margin, and 
was not tender. Deep palpation just below the liver margin revealed 
a somewhat tender, round, ill-defined mass, apparently about 6 cm. in 
diameter, which did not move on respiration. The peristaltic sounds 
were of normal frequency and pitch. Rectal examination was non- 
contributory. Examination of the extremities revealed obvious and 
marked peripheral arteriosclerosis. The tentative diagnosis on admis- 
sion was chronic peptic ulcer, probably with malignant change. 

Laboratory studies disclosed an erythrocyte count of 4,200,000, a 
hemoglobin of 11 Gm. (75 per cent), and a leucocyte count of 9,400. 
The neutrophiles were 66 per cent, the lymphocytes, 24 per cent, the 
monocytes, 9 per cent, and the eosinophiles, 1 per cent. Urinalysis 
showed a specific gravity of 1.022, 1 plus albumin, no sugar, and only 
an occasional leucocyte per high-power field. The serum C0 2 was 94 
volumes per cent, the serum chloride, 83.9 meq. per liter, and the serum 
proteins, 6 Gm. per 100 milliliters. 

The patient was allowed nothing by mouth, and an intravenous in- 
fusion of 5 per cent glucose in .85 per cent sodium chloride solution was 
given. By the morning of Feb. 9, 1943, he was feeling much improved. 
His temperature was 98.3° F. The hemoglobin had fallen to 48 per 
cent and the leucocyte count, to 6,000, probably as a result of better 
hydration. Frequent bland feedings were begun. 

At noon on Feb. 10, 1943, the patient suddenly developed severe 
epigastric pain, with tenderness and rigidity of the entire abdomen and 
absence of peristalsis. The blood pressure fell to 60/30, the pulse rate 
rose to 125, and the patient appeared to be in extreme shock. A diag- 
nosis of ruptured peptic ulcer was made, with which a surgical consul- 
tant agreed. However, an electrocardiogram taken at this time (Fig. 1) 
revealed S-T segment depression in Leads I, II, CR„ and CR« strongly 
suggesting infarction of the lateral wall of the left ventricle. Never- 
theless, in spite of this, the history and physical examination seemed 
to. point clearly toward an abdominal catastrophe, perhaps associated 
with acute myocardial infarction. The surgical consultant felt that the 
almost moribund condition of the patient contraindicated immediate 
operation, and the usual measures to combat shock were taken. The 
temperature rose to 101° F. (rectal), the blood pressure remained quite 
low, the pulse became imperceptible, and the patient died seven hours 
after the onset of the collapse. 


NECROPSY 

The necropsy, performed by Dr. Melvin Friedman on Feb. 31, 1943, 
revealed the following: There was generalized peritonitis, and culture 
of the peritoneal exudate showed nonhemolytic streptococci, Streptococ- 
cus fecalis, and Bacillus coli. The lungs were congested. The spleen 
and kidneys showed moderate arteriolar-sclerosis. The pancreas, liver, 
gall bladder, adrenals, and proslate were normal. There was an exten- 
sive ulcer crater about 6 cm. in diameter and 1 cm. in depth iri the 
prepyloric region of the stomach on the lesser curvature. On the an- 
terior side of the ulcer there was a 1 cm. perforation. Microscopic ex- 
amination revealed no evidence of malignant change. The heart, which 
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weighed 430 grams, was examined with the greatest care by Dr. 
Friedman and one of ns (F.D3L). The coronary vessels were followed 
out to their smallest radicles. The arteries were quite sclerotic, particu- 
larly the circumflex branch of the left coronary. However, no fresh 
or old occlusions could be demonstrated. The heart was next hardened 
in formalin for several days, then cross-sectioned in slices 1 cm. thick 
from apex to base. In scattered areas of the myocardium, with no dis- 
tinct anatomic distribution, there were a few tiny spots of fibrosis. 
Histologic study of multiple areas of the myocardium, particularly the 
lateral wall of "the left ventricle, revealed no abnormalities except occa- 
sional small areas of old fibrosis. 

piser.'ssrox 

That abdominal lesions may simulate coronary occlusion closely has 
been clearly recognized, and the diagnostic difficulties resulting there- 
from are well illustrated, for example, by the reports of Barker, et a!., 2 
and Averbuck. 3 The story of the acute attack and the physical examina- 
tion alone may be confusing, but, when accompanied by a long-standing 
bistojy of mild to severe cardiac distress, the diagnostic problem often 
becomes highly perplexing. Since the electrocardiogram would appear 
to be a logical aid in differential diagnosis, it becomes important then 
to recognize its limitations under these conditions. 

Fifz-Ifueh and Wol forth 4 have demonstrated electrocardiographic 
changes, mainly flat or inverted T waves in Leads T and IT, which 
occurred in the presence of gall bladder disease and disappeared after 
appropriate surgical intervention. These changes they interpreted as 
meaning that gall bladder disease in some as yet unexplained fashion 
affects the myocardium. 'McGee, et ah,' have reported a ease of per- 
forated duodenal ulcer with small but definite S-T segment elevation 
in Leads II, III, and a chest lead, as well as T-wavo inversion in Leads 
II and III. This patient had a history of exertional epigastric pain, 
making the diagnosis yet more difficult. Necropsy showed little evidence 
of coronary artery disease. These ant lions felt that insufficient oxygena- 
tion of the myocardium resulting from the low blood pressure of shock 
was the probable explanation of the electrocardiographic changes. 
Oottesmarj. et al.,*' have reported a case of acute pancreatitis with de- 
pressed S-T segment in Leads IT and JIJ and a chest lead, and diphasic 
T waves in Leads I, H, and III, and a chest lead. Lpon recovery, the 
patient had a quite normal electrocardiogram. 

In addition to this electrocardiographic mimicry of myocardial in- 
farction, one must also recognize the possibility of the actual coexistence 
of abdominal disease and coronary occlusion. Blurngart, et al-/ have 
emphasized 1 lie occurrence of multiple coronary artery thrombi in pa- 
tients with antecedent shock. The majority of their patients were 
elderly, were known to have had pre-existing heart disease, and at 
necropsy showed evidence of coronary artery disease. Xo electrocardio- 
graphic data were given, however-. 

The explanation for the abnormal electrocardiographic patterns in our 
ease can be only speculative. Unfortunately, no previous elect rooardio- 
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grams had been taken. Actual arterial occlusion seems to have been 
ruled out by careful post-mortem study. The theory that the changes 
•were “reflex’ 5 in origin would seem to have little clinical or experimental 
evidence in its favor Since the systemic blood pressure at the time the 
electrocardiogram was taken had fallen to 60/30, and the coronary 
arteries were shown to have greatly narrowed lumina, it would seem 
more logical to attribute the abnormal patterns to impaired blood supply 
to the myocardium, with resultant poor oxygenation of the muscle. 
In fact, the electrocardiographic changes in this case are quite similar 
to those which occur during an anginal attack or during the breathing 
of an oxygen-poor mixture. 7 It seems clear, therefore, that, in a case 
of coronary arteriosclerosis, the possibility exists that any disease caus- 
ing shock may give rise to electrocardiographic patterns of the “anox- 
emie” type, which, since they are so much like those seen in lateral 
wall infarction, may lead to an erroneous diagnosis of coronary occlusion. 
This likelihood of error in diagnosis becomes still greater when the 
clinical observations are equivocal, a situation often present with acute 
surgical lesions of the upper abdomen. 

SUMMARY 

•A report is presented of a case of perforated gastric ulcer, with shock, 
in which an electrocardiogram strongly suggested infarction of the 
lateral wall of the left ventricle. Careful post-mortem study of the 
heart revealed arteriosclerotic narrowing of the coronary vessels, but 
no evidence of actual occlusion, or of myocardial infarction. 

The presence of marked coronary artery narrowing and the fact that 
the blood pressure was greatly lowered have led us to postulate in- 
sufficient blood supply to the myocardium and, therefore, anoxemia of 
the muscle as the cause of the electrocardiographic abnormalities. 

It is emphasized that the electrocardiogram can play an important 
role in the differential diagnosis between coronary artery occlusion and 
acute abdominal lesions, but that it may be confusing and actually mis- 
leading unless one recognizes its limitations and possible mimicry under 
these conditions, particularly when shock is present. 
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Nickerson, J. L., and Curtis, H. J.: The Design of the Ballistocardiograph. Am. 

J. Physiol. 142: 3, 1944. 

An experimental and theoretical study of the human ballistocardiograpli lias been 
undertaken with a view to designing an apparatus which will measure accurately 
and easily the motion of the body which occurs as a result of the heartbeat. Both 
approaches to the problem have demonstrated that: 

It is absolutely necessary to have the bed damped by a device which introduces 
no friction. Since both over and under damping yield errors which are difficult to 
evaluate, the damping should be critical for the total load. 

The restoring force on the bed is most easily specified by the undamped frequency 
of oscillation of the loaded bed. True ballistic records are obtained only when 
frequencies somewhat less than 1 per second are used. When higher frequencies 
are used, the errors in amplitude and wave form increase with the frequency. 

Measurements at very low frequencies are difficult to make. However, at fre- 
quencies between 1 and 3.5 per second, the difficulties are reduced somewhat and the 
errors are not serious. 

It was found that at frequencies above 2 per second the subject and the bed do 
not move in unison, and the pattern recorded depends in part on the elastic properties 
of the tissues of the subject. This leads to serious errors at high frequencies. 

Complete specifications are given for the construction of the bed used in this 
work. 

Authors. 

Gregg, D. E., and Shipley, R. E.: Augmentation of Left Coronary Inflow With 

Elevation of Left Ventricular Pressure and Observations on the Mechanism 

for Increased Coronary Inflow With Increased Cardiac Lead. Am. J. Physiol. 

142: 44, 1944. 

Left coronary inflow is found to increase significantly in the anesthetized open- 
chest dog, when the load upon tiie left ventricle is increased by constriction of the 
aorta (central to the coronary orifices). This flow response is similar to that ob- 
tained previously in the right coronary artery in the presence of pulmonary artery 
constriction. 

Measurement of cardiac input and oxygen consumption in the presence of an aug- 
mented load on either right or left ventricle has demonstrated an increase in the 
work and metabolism of the respective ventricle. In consideration of the increased 
coronary inflow observed, the two ventricles have at their disposal a compensatory' 
means by which their blood supply can, at least in part, be adjusted to their work 
and metabolic requirements. It is suggested that the coronary dilatation arises 
from an increased local production of metabolites and/or the" creation of local 
relative anoxia due to increased O. utilization. 

If the experiments are intentionally prolonged (for several hours) and the 
coronary artery is perfused at constant pressure, the coronary flow response ulti- 
mately becomes a sustained decrease. As observed under these conditions, and by 
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others using, heart-lung and isolated heart preparations, the decrease in coronary 
inflow is regarded as an “abnormal” response to an increased cardiac load. 

Authors. 

Saracoglu, K.: A Rare Case of Complete Heart Block. Brit. Heart J. 6: 93, 1944. 

A case of complete heart block with a rare degree of auricular bradycardia is 
described. The ventricular rate was 40 and the auricular rate 39 a minute. 

As the auricular fate was not influenced by atropine or adrenalin it was thought 
to be due to coronary disease and not to increased vagal tone. 

Author. 

Neuhauer, C. Heart-Block in Diphtheria. Brit. J. Child. Dis. 40: 93, 1943. 

The author describes a series of fortj'-four eases of heart block in children 
suffering from diphtheria, observed from the onset to either convalescence or 
death. Of the cases described, thirty presented a partial, and fourteen a com- 
plete, heart block. 

The various clinical signs are described, and an abbreviated report for each 
case is given. 

McCulloch. 

Logue, R. B., and Hanson, J. F.: Heart Block. A Study of 100 Cases With Pro- 
longed P-R Interval. Am. J. M. Sc. 207: 765, 1944. 

A series of 100 cases of heart, block with prolonged P-R intervals is reported. 
The study consists of a review of 6,732 electrocardiograms taken on 4,264 patients 
at the Lawson General Hospital. The etiological classification of block is given 
with a discussion of causative factors. The P-R intervals of the 100 cases are 
tabulated, as well as variations in age and pulse rates. The normal range of the 
P-R interval is discussed. The belief is expressed that an occasional person may 
have a prolonged conduction time which is normal for that person and is perhaps 
associated with an individual variation of vagal tone. Observations are given 
regarding the effects of atropine in heart block with an expression of the authors' 
beliefs, as well as those of other observers, concerning its use. 

Authors 

Scherf, D., and Klotz, S. D.: Electrocardiographic Changes After Acute Loss of 

Blood. Ann. Int. Med. 20: 438, 1944. 

Fifteen cases of profuse gastric hemorrhage are reported. All but one showed 
alterations of the T wave, and some of the S-T segment as well, if electrocardio- 
grams were taken soon after the hemorrhage, and daily thereafter. Of three cases 
of hemorrhage from other sources, two presented similar electrocardiographic 
alterations. 

The first change to appear was lowering of the T waves. More advanced altera- 
tions consisted of disappearance or inversion of these waves and depression of the 
S-T segment. Slightly lowered voltage of the QRS complex was occasionally 
observed. 

The changes in the electrocardiogram vanished in two to nine days; they 
developed in the absence of shock and without severe anemia and were inde- 
pendent of the hemoglobin level. 

The effect of phlebotomy on the electrocardiogram was studied in thirty-three 
cases. Alterations were observed eight times. Although they may develop after 
the removal of 450 c.c. of blood, they may not appear with a venesection of 1,000 
c.c. The appearance of electrocardiographic changes after an acute blood loss 
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]ias particular importance in the differential diagnosis between internal hemor- 
rhage with cardiac symptoms and the cardiac manifestations associated with 
coronary thrombosis and pulmonary embolism. 

Authors. 

Gross, B. E.: Complete Surgical Division of the Patent Ductus Arteriosus. Surg., 

Gynec. & Obst. 78: 30, J 944. 

Ligation of a patent ductus arteriosus has produced satisfactory closure in 
most of the fourteen cases in which it was used as the only method of obliterating 
the shunt. Better results were obtained in another series of twenty-eight patients 
in whom the ductus was ligated and was also wrapped with cellophane to promote 
regional fibrosis. While this latter method has been an improvement over the earlier 
procedure, it has failed in a few instances to produce absolute stoppage of the 
fistula. A new technique is now presented for complete division of the ductus which 
insures prompt and complete closure of this vessel. It has been performed in four- 
teen patients, two of whom had a superimposed Strcptococcv.fi viri'lanc and 
endocarditis. All the patients have recovered, and none has had any important com- 
plication from the operative undertaking. 

Author. 

Weber, M. L.: Perforation of the Interventricular Septum Following Infarction; 

Intravitam Diagnosis. Ann. Inf: Med. 19: 973, 3943. 

A modern review of the literature and an additional case of perforated septum 
following cardiac infarction, diagnosed before death, are presented. Comments on 
the clinicopathologie syndrome are made. 

- Author. 


Sodeman, W. A.: The Systolic Murmur. Am. -J. M. Sc. 208: 300, 3944. 

Interest in the significance of the systolic murmurs is especially important at 
this time when the question of physical fitness of draftees for military service comes 
up frequently. The author reviews all the important recent literature and correlates 
it with the early development of the interpretation of these murmurs in cardiology. 
The article is of considerable importance, since the need for correct interpretation of 
this murmur arises frequently in civil life as well. 

McCulloch. 

Barron, D. H.: The Changes in the Fetal Circulation at Birth. Physiol. Rev. 24: 

277 , 1914 . 

A great deal of information has been accumulated in recent years by direct 
methods of study carried out by Bancroft on the oxygen content of fetal blood, and 
by Barclay, using radiopaque substances in the blood stream to follow by cinemato- 
graph the pattern of circulation and the movement of blood, especially in the fetus 
delivered by cesarean section. The author reviews these studies, together with those 
carried out by other workers. He also reviews the recent work explaining the 
closure of the ductus arteriosus, ductus venosus, and foramen ovale. There is. at 
present no satisfactory explanation of the mechanism initiating the closure of the 
ductus arteriosus. 7 he available evidence indicates that the ductus arteriosus and 
the venosus are closed functionally within a few minutes after birth by the action 
of sphincter muscles appropriately placed. The closure of the foramen ovale may 
take place abruptly or immediately after birth, but the forces responsible for its 
closure have not been described. 


McCulloch. 
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Coburn, A. F.: Tlie Prevention of Respiratory Tract Bacterial Infections. . J. Ar 
A. 126: 88, 1944. 

The United States Navy is engaged in a long-term program for the control of 
streptococcic infections and their disabling sequelae. One component of this pro- 
gram involves mass prophylaxis with sulfadiazine. Prophylactic doses of this drug 
were given continuously to about 250,000 naval trainees between December, 1943 
and April, 1944. This preliminary report deals with observations on only 30,000 
men at three camps. 

These observations indicate that the continuous ingestion of 1 Gm. of sulfadiazine 
daily is adequate (a) to check a well-advanced streptococcic epidemic, (b) to check 
a streptococcic outbreak at its onset, and (c) to protect So per cent of susceptible 
recruits from implantation with bacterial respiratory pathogens. 

These observations also suggest that a continuous daily dose of 0.5 Gm. of 
sulfadiazine (affording a mean level of 1.4 mg. per 100 c.c. in the blood and per- 
haps 0.S mg. per 100 c.c. in secretions of the respiratory tract) is almost S5 per cent 
effective in preventing implantation by Streptococcus haemolyticus. 

The only untoward effect of mass sulfadiazine prophylaxis is the occurrence of 
evanescent rashes in 0.5 per cent and dangerous constitutional disturbances in 0.01 
per cent. 

Mass sulfadiazine prophylaxis is effective (a) in checking bacterial infections 
of the respiratory tract, (b) in preventing the development of disabling sequelae 
caused by these bacteria, and (c) in aiding the economy of a nation at war. 

Author. 

Cluxton, H. E., and Krause, L. A. M.: Acute Lupus Erythematosus Disseminatus. 

Ann. Int. Med. 19: 843, 1943. 

Four cases, two colored and two white females, are used to emphasize the clinical' 
aspects and to illustrate the variability of the symptom-complex. 

Acute lupus erythematosus disseminatus is a disease of unknown etiology asso- 
ciated with widespread visceral lesions predominantly involving the kidneys, lymph 
nodes, blood vessels, serous and endocardial surfaces, as well -as the skin. There is 
a marked predilection for females in the second and third decades. The prognosis 
is grave and the average duration of the disease is approxmiately eighteen months. 
The clinical picture is variable; however, the skin lesions, leukopenia with secondary 
anemia, arthritis, prolonged fever, and signs of renal involvement are prominent 
features that should make the diagnosis possible. The avoidance of any form of 
actinic therapy, except perhaps the roentgen irradiation of the ovaries, and the 
danger of eradication of foci of infection during the acute phase cannot be over- 
emphasized. 

Authors. 

Lambeth, S. S.: Peripheral Circulatory Collapse in Toxemia of Pregnancy. Am. 

. J. Obst. & Gynec. 47: 402, 1944. 

Nine patients with varying degrees of circulatory collapse have been discussed. 
Whole blood plasma apparently is effective therapy for peripheral circulatory 
collapse in toxemia of pregnancy if used in the early stages. 

Author. 

Mahomer, H.: Control of Pain in Posttraumatic and Other Vascular Disturb- 
ances. Ann. Surg. 119: 432, 1944. 

Sixty patients, with conditions requiring temporary or permanent interruption 
of the sympathetic nerves, have been admitted to my private services at Touro 
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Infirmary and the Baptist Hospital. Twenty-two operations for permanent section 
of the sympathetic nerves have been done in this group. 

Pains influenced by interruption of sympathetic nerve function are varied. They 
occur in vascular disease with associated vasospasm and may be attributable not 
only to ischemia, but also directly to the vascular spasm. Vascular changes occur 
and persist after trauma, and pain associated with these may prolong disability 
unduly. These pains may be surprisingly relieved by paravertebral sympathetic 
nerve blocks permitting more active physiotherapy for mobilization of joints. Such 
repeated nerve blocks may oficn shorten a convalescence dramatically. Cases arc 
presented which illustrate this. 

Sympathectomy is indicated in all patients with thromboangiitis obliterans under 
the age of 50 years. The operation gives many times more increase in vascular reserve 
in patients with early Buerger's disease than in those affected with a late stage, for 
which it is too frequently reserved. 

Raynaud's disease is not a fault of flic sympathetic nervous system. Sympathec- 
tomy for it is frequently disappointing, and eventually may he discarded entirely. 
These and other phases of the role of the sympathetic nervous system in vascular 
diseases were discussed. 

Author. 


Dauber, D. V.: Spontaneous Arteriosclerosis in Chickens. Arch. Path. 38: 40, 

3944. 

Spontaneous arteriosclerosis of the aorta develops in 45 per cent of commercial 
roosters and hens over 1 .year of age. The incidence of macroscopic lesions is the 
same in both sexes. Hens alone show fatty lesions of the intima of the ascending 
aorta and arch, while both roosters and hens commonly have intima] lesions of the 
abdominal aorta. 

Arteriosclerosis in the chicken resembles human arteriosclerosis. Arteriosclerosis 
occurring spontaneously resembles that produced by cholesterol feeding. 

The chicken is a suitable animal for the experimental production of arterio- 
sclerosis if used before the age of G months, when spontaneous arteriosclerosis begins 
to occur. It is, furthermore, a suitable animal for studies on the prevention of 
arteriosclerosis because of the high incidence of the spontaneous disease and the 
early age at which it begins. 

Author. 


Pearce, M. B.: Varicose Veins. Surgery 14: 903, 3943. 

One hundred forty-one cases of varicose veins arc reported. All those in- 
volving the long, saphenous were treated by uniform ligation of all its branches and 
the saphenous itself at the fossa ovalis without injection of sclerosing fluid into the 
thigh, together with ligation and injection of the internal saphenous at the lower 
thigh. 

It is: believed that complete emptying of the veins by compression bandages of 
the ACL or rubber type is a distinct advantage in reducing the size of the thrombi 
and insures better diffusion of the sclerosing fluid into the most distal ramifications 
of the varicosities. 

live cubic centimeters of sodium morrhuate produce excellent thrombosis in 
varicosities of the lower leg, and this is the maximum amount used in any single 
vein. 

It would appear that this technique yields a complete obliteration of all varicosi- 
ties without untoward manifestations. 

No recurrences have been noted but it is unquestionably too soon to estimate this 
phase of the subject. It is hoped that a supplementary report may be made in the 
future. 


Author. 
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Bauson, H. D., Bradley, S. E., and Coumand, A.: The Renal Circulation in Shock. 

J. Clin.. Investigation 23: 381, 1941. 

The changes in renal vascular dynamics resulting from peripheral circulatory 
failure have been investigated by means of the clearance methods in thirty-five 
human cases. The stud}' was part of the comprehensive investigation of the 
circulation in shock carried on at Bellevue Hospital. 

The following conclusions may be drawn: 

The rate of glomerular filtration and effective plasma flow are reduced in 
practically every case of shock. The reduction is variable, but roughly parallels 
the degree of shock. 

In most cases, the decrease is greater than can be accounted for solely on the 
basis of reduced arterial pressure, suggesting active vasoconstriction in the renal 
vessels. The relationship between the renal blood flow and general circulation 
has been expressed in terms of two calculated values: The renal fraction, which 
designates the approximate proportion of total blood flow (cardiac output) which 
circulates through the kidneys, and the effective renal vascular resistance, which 
indicates the relation between systemic blood pressure and the renal blood flow. 
The decrease in renal fraction usually observed reveals that a smaller proportion 
of the cardiac output flows through the kidneys, indicating that blood is shunted 
away from the kidneys during shock. The increase in renal resistance indicates 
that renal vasoconstriction is the mechanism responsible for this redistribution 
of the circulation. 

In general, the lowest clearances were associated with lowest blood pH values, 
but several lines of evidence indicate that acidosis is not the primary cause of 
decreased renal circulation. On the contrary, renal ischemia probably augments 
the acidosis resulting from -widespread tissue anoxia. 

Sources of error and limitations inherent in the clearance methods as applied 
to the study of shock are discussed. It is concluded that the clearances give a 
reasonably accurate description of the status of the renal circulation in this 
condition. 

Urine flow is uniformly reduced and, in extreme cases, total anuria occurs. 
In general, the degree of oliguria reflects the reduction in rate of glomerular 
filtration, which in turn is related to the reduction in renal blood flow. 

. From a limited experience, the impression has been gained that acute alcoholism 
complicating slight or moderate oligemia tends to result in a relatively generalized 
vasodilatation, which is reflected in the kidney by a lower filtration fraction and 
a renal blood flow larger than in nonalcoholics with similar levels of blood pressure. 

The influence of blood or plasma transfusion upon the clearances has been 
studied. There is a tendency for the filtration fraction to increase, suggesting 
efferent arteriolar constriction. The filtration rate increases with the rise in ar- 
terial pressure, but the renal blood flow tends to remain low or fall to subnormal 
values after a temporary increase. 

In spite of the approximate return to normal of blood pressure and cardiac 
output, the renal circulation has, in most of the cases which have been adquately 
studied, failed to improve proportionately during the period of emergency treat- 
ment. However, measurements repeated several -weeks later revealed a normal 
filtration rate and effective renal blood flow' in all the cases so studied. 

This investigation confirms the hypothesis that the urinary findings in shock, 
namely, oliguria or anuria, and loss or impairment of concentrating power, are 
the result of decreased circulation through the kidneys. 

Therapy of shock in relation to the kidney is briefly discussed. 


Authors. 
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Blalock, A., and Park, E. A.: The Surgical Treatment of Experimental Coarcta- 
tion (Atresia) of the Aorta. Ann. Surg. 119 : 445, 194 4. 

These experiments were undertaken with the idea of devising a means for the 
surgical treatment of coarctation of the aorta. At a one-stage operation the 
thoracic aorta was divided, the two ends were closed, and the proximal end of the 
divided left subclavian artery was anastomosed to the side of the aorta beyond 
the point of its division. Some of the animals survived this procedure, and there 
was evidence of adequate blood flow to the posterior part of the body. The 
possible clinical application of these studies is discussed. 

Anurous. 


Cooke, W. T., and Taylor, A. E.: Treatment of Subacute Infective Endocarditis 

With Heparin and Chemotherapy. Brit. Heart J. 5: 229, 1942. 

Five patients were treated with combined chemotherapy arid intravenous 
heparin. All died, and, in one, this was probably due to the heparin therapy. 

Twenty patients (including the five treated with heparin) were studied under 
treatment with sulfonamide derivatives. Five were totally unresponsive; twelve 
were moderately controlled. Life was prolonged in some, but all eventually died. 
Three patients became apyrexial; one died after forty-five days of normal tem- 
perature, but, as there was no autopsy, neither the diagnosis nor the state of the 
lesion could be determined. A second died one year after the onset of his infec- 
tion and eight months after the control of his pyrexia by sulfapyridine; autopsy 
showed healed lesions of infective endocarditis. The third is well and working at 
his occupation as a milk-roundsman at the present time, twelve months after his 
discharge from the hospital. 

Intravenous heparin did not prove of value in our cases and, as others have 
found, should not be used in these cases. 

Prolonged chemotherapy offers a chance of cure to a few patients, though the 
great majority will not be so benefited. The dangers of such prolonged therapy are 
small and should not weigh against the chances of a successful outcome. 

A unions 

McMillan, E. L.: Ventricular Tachycardia as a Therapeutic Problem in Coronary 

Thrombosis. South. M. J. 36: 800, 1943. 

' entricular tachycardia as a complication of severe myocardial disease has been 
presented from the standpoint of etiology, pathologic physiology, diagnosis, treat- 
ment, and prevention. Two eases with successful quinidine therapy have been 
presented. 

Author. 

Governale, S. L., and Eink, A. G.: Spontaneous Eenal Apoplexy With Eesuscita- 

tion After Cardiac Arrest. Brit. M. J. 2: 43, 1944. 

A care of spontaneous renal apoplexy due to malignant hypertensive cardiorenal 
disease has been presented. The patient's heart stopped during operation, Cardiac 
resuscitation v.as aceomplished by cardiac massage, intracardiac injection of stimu- 
lants, and intraventricular infusion of blood ate! saline. Life was restored for a 
period of eighteen hours after the operation. JJeafh ensued from secondary or 
recurrent right renal hemorrhage. Perusal of the literature does not disclose any 
previously reported ease of intraeardiae or intraventricular infusion. 


AnntoKK, 
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Hypertension and Hypertensive Disease:. By William Goldring, M.D., Associate 
Professor of Medicine, New York University College of Medicine, and Herbert 
Chasis,. ALD., .Assistant Professor of Medicine, New York University College of 
Medicine. The Commonwealth Fund, Hew York, 1944, 241 pages, 53 illustra- 
tions, $3.50. 

Throughout this book the authors subscribe to ihe idiopathic, ‘ ‘ functional, ’ ’ non- 
renal origin of so-called essential human hypertension and to the secondary .develop- 
ment of the organic vascular disease (intrarenal included) so frequently found 
associated with this condition. It is a striking and interesting fact, however, that 
in their enumeration of the abnormal conditions usually associated with true (sys- 
tolic and diastolic) hypertension, all but three of the eleven conditions mentioned 
usually involve some type of renal abnormality. Although the authors admit that 
most of these diseases of the kidney, because they are “ primary,’ ’ may be the initial 
cause of the hypertension which follows their development, yet they deny that the 
organic vascular disease of the kidney of essential hypertension is the initial cause 
of the elevated blood pressure, because they consider, without proof, that the intra- 
renal vascular disease is secondary to the hypertension. The frequent occurrence of 
vascular .disease (indistinguishable from that observed in essential hypertension) in 
organs other than the kidney in nonhypertensive individuals, the much more frequent 
(almost invariable) occurrence of vascular disease in the kidney in cases of essen- 
tial hypertension, the experimental production of hypertension by a method which 
involves only a change in renal hemodynamics that reproduces the renal hemody- 
namic disturbance of human essential hypertension, and, finally, the absence of de- 
velopment of any changes resembling arterio- or arteriolosclerosis in animals with 
long-standing, benign, experimental, renal hypertension, fail to convince the authors 
of the possible primary renal origin of human, essential hypertension. Indeed, as 
an expression of the opposite view, this book is excellent and valuable. 

The authors come to the unequivocal conclusion that the origin of essential hyper- 
tension is unknown but not renal. They agree that the elevation of the blood pres- 
sure is due to increased peripheral vascular resistance, and conclude that the primary 
mechanism which induces this must be humoral. Although they have shown that the 
only significant primary changes observed in the earliest cases of human essential 
hypertension involve functional hemodynamic and excretory alterations of the kid- 
ney, they conclude that these changes are due to the spasm of efferent glomerular 
arterioles and are therefore secondary to the hypertensive process which is initiated 
by a hypothetical humoral mechanism not of renal origin. They evidently attach 
little importance to the absence of efferent glomerular arteriolar spasm and of renal 
hemodynamic and excretory disturbances in types of hypertension that are not of 
renal origin, such as experimental neurogenic (carotid sinus hypertension), and 
humoral (pheocliromocytoma of the adrenal) human hypertension. In neither of 
these types of hypertension have afferent glomerular arteriolar constriction, with 
diminution in effective renal blood flow, reduction of maximum tubular excretory 
capacity, and increase in glomerular filtration fraction been demonstrated. This 
means the attribution of a selective reaction to the efferent glomerular arterioles, 
which is hardly justifiable. 

It is not the intention of the reviewer here to discuss the validity of the inter- 
pretation of the special measurements of renal hemodynamics and of renal execu- 
tory function devised by Homer Smith and used in all the studies referred to in 
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this book. Suffice it to pay that the authors themselves admit that other interpreta- 
tions, of at least some of the data, are possible, and that dogmatic statements about 
their significance in any estimation of the state of renal excretory function and 
hemodynamics are not yet entirely justifiable. Although sophistical and philo- 
sophical interpretation of scientific data is not only permissible, but desirable, the 
dangers must not be overlooked, and are recognized by these authors. 

The material presented in the body of the book and the details given in the 
appendix constitute an excellent summary of the important contributions of, and 
methods developed by, Homer W. Smith and his various collaborators, among whom 
are included the authors of this book. The chapters on the medical and surgical 
treatment of hypertension and on the management of hyperiensivc disease are ex- 
cellent critical summaries of these topics and constitute important parts of this 
valuable contribution to the literature on hyperlonsion. 

Harry Golubeatt. 

Pathology and Therapy of Rheumatic Fever: By Leopold Lichtwitz, M.D., late 
Chief of the Medical Division of Montefiore Hospital and Clinical Professor of 
Medicine at Columbia University, with a foreword by William J. Maloney, M.D., 
Grune and Stratton, New York, 1944, 225 pages, 69 illustrations, $4.75, 

If this small volume were less excellent, it is conceivable that one might wish 
to temper criticism because of the untimely death of the author before its publi- 
cation. But it stands so firmly on its merits, it contains so many admirable chap- 
ters, that there is no occasion for anything other than frank appraisal, so far as 
present knowledge and the limitations of reviewers will permit this. 

It is perhaps the definitive statement of the theory which holds that allergic 
phenomena are the basis of rheumatic fever. Surely it, is the most persuasive 
and eloquent presentation of this belief that has yet appeared, and it is difficult 
to believe that the evidence supporting it could be marshalled with greater skill 
or stated more lucidly than the author has done in this, his last work. The trend 
of thought in recent years, at least in this country, has been away from this hy- 
pothesis, but, until a specific agent has been proved solely responsible for all the 
manifestations of rheumatic fever, there will doubtless be many who will continue 
to regard allergy as playing some part in its genesis. Let it not be thought that 
the author has presented only the European point of view of fifteen years ago; 
he has indeed done this with great skill, but he has also considered all recent work 
bearing on the pathogenesis and treatment of the disease, including many papers 
published within the past two years. 

'Io present the author's views fairly and adequately in his own words would 
require extensive quotations, but one can scarcely resist the temptation to extract 
a few words from the first two pages, which are devoted to a definition of rheu- 
matic fever. “Rheumatic fever is a noninfectious disease. It is not caused by 
a specific microorganism or virus, but by a sensitization to antigens, protein in 
nature, which in most cases are products of microorganisms. These microorgan- 
isms may be either pathogenic or nonpathogenic. . . . Commonly, the sensitization 
tends to persist indefinitely, and in this chronic stage it may be either continu- 
ously or intermittently evident. When the sensitization rises, the rheumatic mani- 
festations increase; when the sensitization falls below the threshold of clinical 
activity, the disease has an intermission. Reactivation is brought about not only 
by the specific antigen which initiated the disease, but also by a number of non- 
specific factors, an} one of which will affect the morbidly sensitized defense 
mechanism of the patient in a characteristically rheumatic manner. Thus fatigue, 
a chill, an adventitious infection, a slight injury, a touch of indigestion, a mental 
upset, or increased bodily activity may cause the rheumatic to relapse from a 
quiescent into an acute febrile state. . . . The rheumatic attack strikes at tissues 
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of mesenchymal origin. As these are an integral part of all organs or structures, 
local lesions may appear in any part of the body. . . . ISTo matter where the rheu- 
matic lesion occurs — whether in the heart, the meninges, or the joints — funda- 
mentally, its nature is the same. It starts with a swelling of the base substance 
of the connective tissue. This swelling may clear up, or the process may go on to 
produce degenerative changes.” 

There are splendid chapters upon the incidence of rheumatic fever and the 
influence of personal factors, upon its general pathology and systemic phenomena, 
and upon rheumatic disease of the heart and the blood vessels. Full and detailed 
consideration is given to the effects of the disease upon the joints, muscles, skin, 
nervous system, • and various special organs or systems other than the cardio- 
vascular. The longest chapter in the book, and one to be warmly commended to 
all interested in the clinical aspect of rheumatic fever, is that dealing with therapy. 
It is comprehensive, detailed, rip to date, and informed by sound clinical judgment. 

Especially to be commended is the arrangement of the extensive bibliography; 
every chapter is followed by a long list of appropriate references. 

One cannot dismiss this volume without a word of heartfelt praise for the 
eight-p>age foreword by Dr. Maloney, which is a masterly summary of the book; 
a brief, but eminently fair, presentation of the views of the author. The opening 
page, relating to the discovery of salicylates, is one of the most charming and 
delightful accounts to be found in recent medical literature. There must be few, 
indeed, who can read this page and not continue eagerly through those that follow, 
revealing as the}' do the warm affection and admiration of Dr. Maloney for the 
author and for * ‘ this great book. •* } 


IT. M. Marvin. 
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~ THE INFLUENCE OF AUTONOMIC IMBALANCE ON THE 
HUMAN ELE CTRO C ARDIO GRAM 

I. Unstable T Waves in Precordial Leads From Emotionally 
Unstable Persons Without Organic Heart Disease 

Major Martin II. Wendkos, M.C. 

Army of the United States 

introduction 

T HE recent recommenclal ions by the American Heart Association 
that multiple precordial leads be employed routinely was intended 
primarily to provide a more exact means of recognizing’ organic myo- 
cardial change. 1 However, my analysis of the electrocardiographic data 
in a group of soldiers suffering from neurocirculatory asthenia has 
indicated that, even when the subject is recumbent, and in the absence 
of genuine heart disease, bizarre T waves which are indistinguishable 
from those produced by structural changes can occur in chest leads 
derived from one or more of the several accepted positions to the left 
of the sternum. A similar observation has been made by Dupuy, 2 but 
he does not offer any satisfactory explanation for the phenomenon. 
The purpose of the present preliminary report is, therefore, to display 
the characteristic responses of these aberrant T waves of functional ’ ’ 
origin to various procedures, and therefrom not only to elucidate the 
mechanism underlying their causation, but also to provide a simple 
means of differentiating them from similar alterations of an organic 
nature. 

material 

The persons who showed these “functional” precordial T-wave 
changes were male adults who had been referred for a cardiovascular 
survey because they manifested either signs or symptoms suggestive of 
structural cardiovascular disease, but who, on subsequent study, were 

Read before the Annual Meeting- of the Wisconsin Heart Association, Dec. 10, 
1943 (Milwaukee, Wisconsin), and read before the Joint Meeting of the Chicago 
Society of Internal Medicine and the Chicago Heart Association, Dec. 20, 1943 
(Chicago, Illinois). 
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found to have functional' derangement of the cardiovascular system. 
They ranged in age from 18 to 35 years; the average age was 27 years. 
No one body type was encountered consistently; the asthenic, hypers- 
thenic, and intermediate types occurred with about equal frequency. 

The symptoms, not all of which were uniformly present in every ease, 
included, aside from nervousness and weakness, (a) dyspnea of the 
nonhyperventilation type, ranging from a feeling of suffocation to a 
sensation of not being able to get enough air into the lungs with ordi- 
nary respiration; (b) palpitation, usually coming on suddenly and 
disappearing gradually, but occasionally beginning and ending ab- 
ruptly; (c) precordial pain, never substerna], not related to exertion, 
dull and aeliing in character, limited chiefly to the region of the left 
nipple, and occasionally associated with “soreness to the touch”; (d) 
dizziness, not characteristically of the orthostatic type; and (e) pains 
in various joints unassociated with redness, swelling, or limitation of 
motion of those structures. 

The physical signs, not all of which were uniformly present in every 
case, consisted of the following: (a) hyperesthesia in the region of the 
left nipple; (b) a labile blood pressure, with the systolic more variable 
than the diastolic level; (c) a labile pulse rate which tended to be 
rapid during waking hours and normal during sleep; (d) systolic 
murmurs at the base of the heart and sometimes at the cardiac apex, 
more pronounced when the heart rate was rapid; (e) a poor Schneider 
index; (f) sighing respiration: (g) cold, sweaty hands; (h) tremors 
of the outstretched hands; (i) axillary hvperhidrosis during the exam- 
ination; and (j) ready flushing of the neck and face on slight pro- 
vocation. 

METHOD 

Each patient was kept in the hospital long enough to enable the 
examiners to exclude the possibility of organic heart disease. A careful 
history was obtained during the first interview, and especial emphasis 
was placed on factors which might have produced emotional disturbances 
or an anxiety state. A general assay of the emotional pattern prior 
to entry into the service was also attempted. In special instances, the 
assistance of the attending neuropsychiatrist was obtained. A thorough 
physical examination was conducted immediately after the initial inter- 
view, and precautions were taken not to make it appear that the car- 
diovascular apparatus was being made the object of minute inquiry. 
In frequent subsequent examinations, the blood pressure and pulse rate 
in the recumbent and upright positions were carefully checked, systolic 
murmurs were observed to rule out the possibility of organic valvular 
disease, hyperesthesia over the precordium was sought for, and the 
presence of sighing respiration, cold, sweaty hands, tremors, axillary 
nyperhidrosis, and ready flushing was noted. 

_ f n order to obtain corroborative evidence that the heart was not 
diseased, the following laboratory studies were performed in each case: 
( a ). complete blood cell count, (b) urinalysis, (e) frequent erythrocyte 
sedimentation rate determinations, (d) a basal metabolic rate estima- 
tion,^ (e) a measurement of blood velocity, and (f) an estimation of 
cardiac size in the tcleoroentgenogram bv the method of Ungerleider 
and Gubner. 

Jn each case, soon after the patient’s admission, an electrocardiogram 
was obtained while he was recumbent and after he had been relaxed 
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for fifteen minutes and had abstained from smoking for at least thirty 
minutes. Multiple precordial leads from the left hemithorax were 
included ; an exploring electrode in the C 2 , C 3 , and C* position was 
paired with the left leg and right arm according to the teelmique rec- 
ommended by the American Heart Association. 3 This procedure was 
repeated at least once every week of the patient’s hospital stay. The 
appearance of . an abnormal T wave in any preeordial lead was suc- 
ceeded by the application of the following testing methods, by means 
of which, in comparable leads, the characteristic responses of the bizarre 
deflection were graphically recorded: 

1. Comparative records were obtained while the patient was recum- 
bent and after, the assumption for from three to five minutes of the up- 
right position. Since preliminary studies had indicated that no signifi- 
cant differences are to be noted between the effects induced by a tilt 
table and those resulting from a postural change accomplished by the 
subject himself, the latter method was used because of its simplicity. 
The numbered positions upon the thorax were carefully marked in order 
to exclude the possibility of malposition of the exploring electrode as a 
factor in any T-wave alteration resulting from the postural change. 

2. The patient then resumed the supine position, and, after he had 
rested for fifteen minutes, another control tracing was obtained. This 
was followed immediately by the intravenous administration of 0.5 mg. 
of ergotamine tartrate, and thirty minutes later, without any change in 
the position of the patient, a comparable record was recorded.* This 
interval was selected because preliminary observations 4 had indicated 
that, in man, the maximum pharmacologic effect of this preparation, 
which is essentially sympatholytic in character, 5 ' 7 occurs thirty minutes 
after its exhibition by this route and is sustained usually for sixty min- 
utes longer. In special instances, this procedure was extended to in- 
clude a record of the effects of postural change while the heart was 
still under the influence of ergotamine. Also, occasionally, in order to 
demonstrate the mutually antagonistic influences upon the precordial 
lead T wave of the sympathetic and parasympathetic components of the 
autonomic nervous system, tracings were obtained with the subject re- 
cumbent while the heart was under the maximal influence of both 
ergotamine and atropine, f For the latter type of experiment, the effects 
of ergotamine were registered in the usual manner thirty minutes after 
its exhibition, immediately after which 2.5 mg. of atropine sulfate were 
administered subcutaneously, following which successive records were 
obtained at intervals from fifteen to sixty minutes thereafter. 

3. On a different day, a control tracing with the patient recumbent 
was recorded; the usual precautions regarding relaxation and abstention 
from tobacco were adhered to. Immediately afterward, 2.5 mg. of 
atropine sulfate were administered subcutaneously, and then sequential 
records during recumbency were obtained in successive fifteen-minute 
intervals for one hour. 

4. On another occasion, the sympathomimetic effects of amyl nitrite 
were registered. The usual control tracing during recumbency was fol- 

*The effect of ergotamine tartrate in this dosage on the normal electrocardiogram 
of a person with a stable autonomic nervous system consists in a slowing of the 
sinus rate and a slight increase in the amplitude of the T wave in all leads, without 
any alteration in the form or direction of this deflection. 

fThe parasympathomimetic effects of atropine may be evident up to fifteen minutes 
after the subcutaneous injection of 2.5 mg. of this drug, whereas its parasympatho- 
lytic properties become manifest from twenty to sixty minutes after its administra- 
tion in this dosage. 
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lowed by the inhalation of 5 minims of this drug, and then a comparable 
record was obtained with the patient in the same position, after a sig- 
nificant fall in the blood pressure and secondary tachycardia had de- 
veloped. 

RESULTS 

Distortions in the preeordial lead T waves during recumbency oc- 
curred in 80 per cent of the eases which formed the basis of this study. 
In one-fourth of this number, significant corresponding aberrations of 
the same deflection were apparent in the limb leads in the same record. 
The characteristics of these bizarre preeordial lead T waves are listed 
in Table I. It will, in addition, be noted from Table IT that it is possible 
not only to classify them as expressions of autonomic imbalance, but 
also to identify them more specifically as manifestations of hypervago- 
tonia or hypersympathieotonia because of their responses to the testing 
methods described in the text. 

The inconstancy and variability of the preeordial lead T-wave aber- 
ration in comparable leads in successive electrocardiograms from the 
same patient were striking features. In each case, it was definitely as- 
certained that these variations could not lie attributed to malposition of 
the exploring electrode. Occasionally this instability of the T wave was 
even apparent in successive cardiac cycles in the same electrocardiogram. 
Most often, the abnormality of the preeordial lead T wave was evident 
in one or more of the OF leads and absent in corresponding OR leads. 

Table I 


‘ ' Functional ’ ’ PiiEconufrti. Lead T-Wave Aberrations 


TYPE OF ABERRATION VAGOTONIC 

S Y.M PATIW.'OTONIC 

Variations in successive cardiac cycles -M- 

Polarity reversal ' 4. 4 . 

Inconstancy of T-wave alteration in successive 4 - 

routine electrocardiograms 

Notching _ 

Reduced amplitude 4. 

Upright with blunting of apex 

Associated heart rate Usuallv below 7a 

+ + 

-f 

-f* 

+ + 

-r -f 

Always above 75 

+ + = Frequently encountered. 

+ r -' Occasionally encountered. 

- — Never encountered. 


Table II 


Effects of Testing Methods on Distortion of T 

' Wave 

vagotonic 

SYMPATHICOTONIC 

Upright position (sympathomimetic effect) - 

Ergotamine ( sympatholytic effect) j. 

30 to 00 minutes after atropine 
(parasympatholytic effect ) 

Amyl nitrite (sympathomimetic effect) 

15 minutes after atropine or r , 

(parasympathomimetic effect) 

A. 

+ =s Exaggeration of T-wave distortion. 

- = Elimination or lessening of T-wave distortion. 

0 = No effect upon T-wave distortion. 
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The spontaneous appearance of vagotonic precordial lead T-wave aber- 
rations was limited to the CF leads in every case, whereas those due to 
hypersynipathieotonia were sometimes seen in both the CF and CR 
leads. In no instance were any of these unstable T waves limited to 
the CR leads alone. 

In the group with distortion of precordial lead T waves caused by 
hypervagotonia, a sympatholytic drug, such as ergotamine, made the 
deformity not only more pronounced, but also more resistant to the 
usual normalization which resulted from assumption of the upright 
position. When such deformed, vagotonic T waves spontaneously ap- 
peared in one CF lead and not in another, the precordial T wave in the 
normal CF lead developed some aberration after the administration of 
this sympatholytic preparation. It was also observed occasionally that 
distortion of a precordial lead T wave caused by vagotonia spontaneously 
disappeared in- a subsequent record. In such circumstances the orig- 
inal deformity could be reproduced by the administration of ergotamine. 
A comparable effect was produced by a parasympatholytic drug, such 
as, atropine, when bizarre precordial lead T waves caused by hyper- 
sympathicotonia had similarly spontaneously disappeared, with the ex- 
ception that in the latter group such induced changes were apparent 
even in leads employing another extremity for the application of the 
indifferent electrode. 

These bizarre precordial lead T waves caused by preponderance of 
either cholinergic or adrenergic stimuli did not seem to be brought 
about by changes in the heart rate, although, in some instances, a direct 
relationship could not be excluded entirely. 

ILLUSTRATIVE CASES 

Case 1 . — This 22-year-old Negro was admitted to the hospital because 
of bilateral parotid swelling. The diagnosis of epidemic parotitis was 
confirmed by the contagion officer. The clinical course of the patient 
was uneventful, but, during his convalescence, he complained of a 
fairly constant ache in the region of the left nipple. Careful ques- 
tioning revealed the fact that this symptom had been present frequently 
during the preceding three years, had occurred independent of exer- 
tion, and was definitely related to disturbed emotional states. How- 
ever, because of the presence of a systolic apical murmur, he was re- 
ferred for a cardiovascular survey after he had made a complete and 
uncomplicated recovery from his attack of mumps. 

Examination on the cardiac service elicited the following: The patient 
was an asthenic, apprehensive person who had a labile pulse rate which 
tended to be about 60 during rest, axillary liyperhidrosis, and cold, 
sweaty hands. There was a short, low-pitched systolic apical murmur 
while he was recumbent, but it disappeared when he sat up, and it did 
not, even in part, replace the first heart sound. It was therefore con- 
sidered to be “functional.” All laboratory studies and other diagnostic 
procedures failed to reveal any evidence of acute or chronic heart disease. 

Repeated electrocardiograms while he was recumbent consistently 
revealed inversion of the T wave in Lead CF 2 , without any accompany- 
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Fig 1 . 1, — Case 1. 

Also, while the heart was still under the influence of ergotamine, the 
assumption of the upright position did not cause the usual reversion of 
the T wave in Lead CF 2 to a positive deflection (Fig. 3). In addition, 
with the heart under these combined influences, the T wave in Lead OF,, 
although positive in direction, was definitely depressed as compared with 
the amplitude it attained in control electrocardiograms obtained in the 
upright position (Fig. 1). 

Comment. The characteristic response in this instance of the bizarre 
T wave in Lead CF 2 to sympathomimetic and parasympatholytic influ- 
ences establishes the fact that it was merely a manifestation of hyper- 
vagotonia. The ability of a sympatholytic drug, such as ergotamine, 
not only to prevent the usual effect of the upright position on the in- 
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verted T wave in Lead OF,, blit also to produce T-wave distortion in 
Lead CF 4 in the recumbent position is further evidence in support of 
this view. The latter experiment, in addition, shows conclusively that 
any T-wave alteration produced by assuming the upright position is to 
be attributed to increased sympathetic tone, rcflcxly induced, and not 
to a change in the position of the heart. Also in favor of this hypothesis 
are the observations that, in the same case, amyl nitrite, during re- 
cumbency, produced T-wave changes in both the limb and precordial 
leads which were indistinguishable from those resulting from a change 
in direction of the long axis of the body (Figs. 3 and 3), and that the 
upright position did not produce polarity changes in the T waves of the 
limb leads when tachycardia did not occur (Fig. 3). On the contrary, 
the reversal of the vagotonic inverted T wave in Lead CF 2 to positive 
polarity as a result of postural change bore no relation to the heai't rate 
(Fig. 3), indicating the fundamental instability of such functionally 
bizarre precordial lead T waves. 

Also, the influence of heart rate in the production of the bizarreness 
of the preeordial lead T wave in this instance appears to be unimportant. 
The inversion of the T wave in Lead CF 4 caused by a. sympatholytic 
drug (Fig. 3.) was associated with a heart rate no slower than that con- 
current with a normal T wave in the same lead in a control tracing on 
a different occasion (Fig. 3), and the positive T wave in Lead CF„ re- 
sulting from assumption of the upright position (Fig. 3) was not 
associated with -a heart rate any more rapid than that which accom- 
panied an inverted T wave in the same lead in a control record obtained 
at another time in the recumbent position (Fig. 2). 

Case 2. — This 38-year-old white man was referred to the cardiac 
service because a systolic murmur was discovered during his stay in 
the hospital for an acute upper respiratory infection. No history of 
antecedent rheumatism or recent polyarthritis could be elicited. Exam- 
ination revealed the following: The patient was a tall, well-nourished 
man who was apprehensive, flushed easily, and had cold, sweaty hands, 
a labile pulse rale, a labile blood pressure, tremors of the outstretched 
palms, and axillary hyperhidrosis. He admitted being emotionally dis- 
turbed, and stated that at one time it was thought that he was de- 
veloping a “code neurosis/’ A short, low-pitched systolic apical murmur 
was heard during recumbency, but it disappeared when the patient 
assumed the upright position, and it did not even in part replace 
au if* ^ Kiar * soun (T It was therefore considered to be “functional.” 
All laboratory studies and other diagnostic procedures failed to reveal 
an > evidence of acute or chronic heart disease. 

Electrocardiograms during recumbency on various occasions revealed 
an inconstant inversion of the T wave in Lead CF,, independent of any 
accompanying T-wave changes in the limb leads or other preeordial leads 
(rigs. 4, o and 6), and by careful checking it was made certain that 
these T-wave alterations could not be ascribed to malposition of the 
exploring electrode. 

The response of this bizarre preeordial lead T wave to the various 
testing procedures was as follows: The upright position converted it to 
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a positive deflection (Fig. 4). Amyl nitrite during reeumbencjr had a 
similar effect (Fig. 4). On an occasion, when the T wave was diphasic, 
ergotamine exaggerated the bizarreness of -this deflection, transforming 
it into a deeply inverted T wave (Fig. 5). Although the upright posi- 
tion did result in a reversal to positive polarity of this ergotamine-in- 
duced precordial lead T-wave deformity, this reversal did not occur 


CONTROL 

RECUMBENT 


TILTED 

UPRIGHT 


NITRITE 
RE CUMRENT 




CM 


W 




Fig:. 5. — Case 2. 


to the same extent as that which had been brought about by the postural 
change immediately prior to the exhibition of this drug (Fig. 5). On 
another occasion, when the T wave in CF 2 in the control record had 
spontaneously become normally upright, ergotamine produced a similar 
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change (Fig. 6j ; this, in turn, was abolished by the parasympatholytic 
action of atropine, even while the heart was still under the influence 
of the former drug (Fig. 6). 

Comment . — The characteristic responses of the bizarre T wave in 
lead CF 2 to sympathomimetic influences (Fig. 4) undoubtedly indicate 
that this electrocardiographic alteration merely represented vagal pre- 
ponderance. The nonpersistence of the abnormal T wave in repealed 
records (Figs. 4, 5, and 6) undoubtedly means that, even in those un- 
stable pereons whose vagotonic electrocardiographic pattern is a charac- 
teristic feature, the level of “eholinergia” is not constant. For this 
reason, the instability of the precordial lead T wave obviously is to be 
related to variations in nerve tone. This concept is an important one, 
for it can be usefully applied to the proper appraisal of spontaneous 
fluctuations in form, amplitude, and polarity of the pre cordial lead T 
wave in successive electrocardiograms on anyone who presents the stig- 
mas of a functional, rather than an organic, derangement of the cardio- 
vascular system. 


CONTROL ERGOTAMINE ERGOTAMINE' 











WENDKOS: AUTONOMIC IMBALANCE AND ELECTROCARDIOGRAM! 559 

Although variations in the degree of aberration in the precordial lead 
T wave were evident in repeated curves (Pigs. 4, 5, and 6), instability 
of this, deflection was seen even in successive cardiac cycles in the same 
electrocardiogram (Pig. 5) . This was not uncommon in the entire group. 

It will be noticed that comparable effects were produced by amyl 
nitrite during recumbency and by the upright position (Pig. 4). This 
again indicates that the postural change produces its effects, not by a 
change in the position of the heart, but by a reflex increase in sympa- 
thetic tone. This phenomenon likewise serves to show how easily the 
precordial lead T wave of an unstable person can be influenced by a 
slight preponderance of one or the other components of the autonomic 
nervous system, in contrast with the stability of this deflection in the 
precordial leads from normal adults when the upright position is 
assumed. 4 

As in the preceding case, the effects of vagal preponderance on the 
precordial lead T wave were displayed only in a CP lead (Pigs. 4, 5, 
and 6). 

The relation of heart rate to the appearance of a bizarre precordial 
lead T wave appeared to be, in this instance, a close one, for the deflec- 
tion was most abnormal when the rate was 60 or below, regardless of 
whether this associated bradycardia occurred spontaneously in a control 
record (Fig. 4) or whether it was a part of an ergotamine effect (Pigs. 

5 and 6). 

Case 3. — This 28-year-old white man was referred to the cardiac 
service because hypertension had been found during a routine examina- 
tion prior .to being commissioned. His complaints consisted of shortness 
of breath, palpitation, precordial pain, excessive sweating, dizziness, and 
nervousness. He stated that he had always been “high strung,” and 
admitted that at one time the diagnosis of “code neurosis” had been 
considered. Examination revealed the following: The patient was a 
well-nourished man with an intermediate type of habitus, who flushed 
easily, was apprehensive, and had a labile pulse rate and a labile blood 
pressure, tremors of the outstretched hands, and axillary hyperhidrosis. 
Nothing significant was revealed by examination of the heart. All 
laboratory studies and other diagnostic procedures failed to reveal any 
evidence of acute or chronic heart disease. 

Repeated electrocardiograms exhibited variations in the precordial 
lead T waves, characterized chiefly by a reduction in the amplitude and 
by notching of the apex (Pig. 7). Occasionally, actual inversion of the 
T wave occurred, especially in the upright position. These changes, 
but not to the same degree, appeared in all the chest leads and fre- 
quently were associated with alterations of the same order in the limb 
leads. The response of these bizarre precordial lead T waves to ergota- 
mine was normalization of their configuration (Fig. 7). 

Comment . — The characteristic response, in this instance, of the bizarre 
precordial lead T waves to sympathomimetic influences and to a sympa- 
tholytic drug establishes them definitely as expressions of adrenergic 
preponderance. The resemblance of these “functional” distortions of 
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the T wave to those produced by structural disease is striking. In this 
ease, the occurrence of changes in the CR and limb leads similar to 
those which were present in the CF leads was not unexpected, because 
such associated changes seem to be the rule .in the “sympathicotonic’' 
group, as contrasted with the absence of such combined alterations in 
the “vagotonic” group. In this case, too, there were spontaneous fluc- 
tuations in the degree of aberration of these T waves in repeated curves, 
and, because of the symptoms and physical signs, the electrocardio- 
graphic changes were originally construed to be evidences of active 
carditis. However, the application of the testing methods described in 
the text eventually permitted a proper appraisal, and the conclusion 
that they were an indication of a functional cardiac derangement was 
subsequently confirmed by the clinical course. 


RECUMBENT RECUMBENT 

CONTROL ERGOTAMINE 



Fig. 7. — Case 3. 


Ihe relation of heart rate to the appearance of a bizarre precordial 
lead r wave in this instance did not appear to be close because spon- 
taneous aberrations in this deflection in the recumbent position were 
frequently oi a higher degree when the rate was below 85 than when 
it exceeded this level. 

Case 4. A 21-year-old while man was referred to the cardiac service 
because o( an attack oi rapid heart action of several hours’ duration. 
Ihe patient staled that he had suffered similar attacks of tachycardia, 
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characterized by an abrupt onset and abrupt termination, frequently 
since his adolescence. The precipitating cause was not always evident, 
but emotional crises seemed to be an important etiological factor. He 
admitted that lie was always a “ nervous ” person, and that he was easily 
disturbed emotionally by even relatively insignificant events. Examina- 
tion revealed the following: The patient was a moderately well-nour- 
ished person with an intermediate type of habitus, who flushed easily, 


RECUMBENT STANDING 



Fig. 8. — Case 4. 


RECUMBENT 

CONTROL 



ERGOTAMINE ERGOT. - 60 MIN. ERGOT.- 90 MIN. 
30 MIN. ATROPINE -15 MIN. ATROPINE-45 MIN. 



Fig. 9. — Case 4. 


was apprehensive, and had a labile pulse rate and a labile blood pres- 
sure, tremors of the outstretched hands, axillary hyperhidrosis, and 
cold, sweaty palms, and who manifested sighing respiration at frequent 
intervals. Nothing significant was revealed by examination of the heart. 
All laboratory studies and other diagnostic procedures failed to reveal 
any evidence of acute or chronic heart disease. 
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- Electrocardiograms, obtained at frequent intervals, revealed incon- 
stant inversion of the T wave in Lead OF, (Figs. 8, 1), and 10). In 
addition, there were constant shortening of the P-Ji interval and slur- 
ring of the upstroke of the R wave; this was diagnostic of the Wolff- 
Parkinson-White syndrome (Fig. 8). No comparable changes in the 
T wave occurred in the limb leads at any time. Occasionally, depres- 
sion of the S-T segment, with a tendency to a diphasic configuration of 
the T wave, was apparent in Lead OF., (Figs. 9 and 10). The response 
of the precordial lead T wave to postural change, which was recorded 
at a time when the T wave in the control record had spontaneously re- 
verted to normal, took the form, of a marked change in polarity of this 
deflection in Leads CF 2 and OF* and a depression of the S-T segments 
in Leads 0R 2 and OR, (Fig. 8). On other occasions, a spontaneously 
appearing deformity of the T wave in Lead CF„ disappeared thirty 
minutes after the administration of ergotamine (Fig. 9) and fifteen 
minutes after the administration of atropine (Fig. 10). The normal- 
ization of the T wave in Lead CF, by ergotamine did not persist forty- 
five minutes after the exhibition of atropine, even though during this 
time the heart was still under the influence of the former drug. 


RECUMBENT 

CONTROL 


ATROPINE 
IS MIN. 


ATROPINE 
50 MIN. 
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Comment. The spontaneous fluctuations in the polarity of the pre- 
cordial lead T waves and configuration of the S-T segments were a strik- 
ing feature in tin's ease, and, in this respect, were characteristic of the 
behavior of. the functionally unstable deflections described in this re- 
port. . J lie typical response to postural change (Fig. 8), to a sympa- 
tholytic drug (Fig. 9), and to the parasympathomimetic effect of atro- 
pine (Fig. 30) establishes the fact, that the instability is caused by a 
state ol adrenergic preponderance. The mutually antagonistic influences 
of the vagal and sympathetic components of the autonomic nervous 
S3 .stem on the S-l-f portion of the precordial electrocardiogram are well 
illustrated in the experiment in which the parasympatholytic effects 
of atropine became evident while the heart was still under the influence 
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of a sympatholytic drug such as ergotamine (Pig. 9). Although the 
presence of the Wolff-Parkinson-White electrocardiographic pattern in 
this ease supplies an explanation for the attacks of tachycardia, there 
was no apparent relationship between this anomaly and the presence 
of the unstable precordial lead T waves. 

The relation of heart rate to the appearance of the sympathicotonieally 
distorted precordial lead T waves is presumably not a close one, for, 
at times, a normalization of this deflection was accompanied by a rate 
more rapid than that associated with a distortion of the- same wave 
(Fig. 10). 

DISCUSSION 

In previous reports, other investigators have already described elec- 
trocardiographic aberrations in cases of neurocirculatory asthenia. 8 ’ 0 
These have consisted of S-T segment depressions and T-wave inversions 
in. the limb leads, when the electrocardiogram is made with the subject 
in the semi-erect 8 or upright position.” However, these alterations are 
of questionable significance, for it has been demonstrated that identical 
changes may occur in normal, emotionally stable persons, 4 * 10 presumably 
because of a. reflex discharge of adrenergic stimuli which results physio- 
logically from the vertical projection of the long axis of the trunk, 4 * 10 * 11 
and not, as maintained by some, 12 * 13 because of changes in the position 
of the heart. Inasmuch as the stability of the precordial lead T wave 
in normal subjects is unaffected by such postural change, 4 in contrast 
with the opposite behavior of the same deflection in the limb leads, the 
observations, in the present study, of precordial lead T-wave aberrations 
even during recumbency in cases of “functional” heart disease can 
be considered not only unique but also of real diagnostic import. 

Although the precordial lead T-wave deformities in the cases which 
formed the basis of the present study have been shown to be due to 
preponderance of either vagal or sympathetic tone, their resemblance 
to abnormalities which result from structural cardiac disease is evident. 
It is for this reason that the interpretation of any distortion of a 
precordial lead T wave, especially in cases in which the symptoms or 
signs are merely suggestive of the presence of genuine heart disease, 
-must ultimately depend on a proper assay of these factors. This view 
is shared, but only in part, by Nordenfelt, 11 for he believes that height- 
ened sympathetic tone alone can cause “functional,” spontaneous aber- 
ration of a precordial lead T wave, and therefore concludes that any 
abnormality of this deflection (with the subject recumbent) which is not 
abolished by a sympatholytic drug, such as ergotamine, shall be con- 
strued as indicative of organic heart disease. However, the observations 
in Cases 1 and 2 suggest the need for extending the concept of the 
close relationship of autonomic imbalance to “functional” T-wave dis- 
tortions to include the role of heightened vagal tone, as well. 
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The testing methods which have been developed in order to permit a 
proper evaluation of the extent to which an alteration of a precordial 
lead T wave represents an expression of tonal preponderance of either 
of the components of the autonomic nervous system are carefully de- 
scribed in the text of this critique. By this means it is possible to at- 
tribute to vagotonic influences any aberration of this deflection which is 
exaggerated by a sympatholytic drug and abolished by parasympa- 
tholytic and sympathomimetic drugs or by the assumption of the upright 
position, whereas an altered T wave which is normalized by a sympa- 
tholytic drug and exaggerated by a sympathomimetic drug or the 
assumption of the upright position can be related to increased sympa- 
thetic tone (Table II). Aside from their simplicity and harmlessness, 
these procedures have been found ideal for the purpose because of the 
fact that similar T-wave alterations which are due to structural changes 
remain unaffected by them. 4 

However, even if a deformed precordial lead T wave, by its charac- 
teristic responses to these simple procedures, can be properly identified, 
the cause of the underlying imbalance of the nervous control of the 
heart needs also to be established. The excessive discharge of adrenergic 
or cholinergic stimuli which is known to accompany disturbed emotional 
states in animal experiments 14 ' 15 suggests that emotional instability 
may prove to be the dominant factor in the production of such un- 
stable T waves in man. Their frequent occurrence in the cases of neuro- 
circulatory asthenia described in this report would seem to support this 
view. This opinion is also inferentiallv corroborated by a critical ex- 
amination of Nordenfelt’s data, 11 which indicates that the “sympa- 
thicotonic” T waves which he describes can be correlated with various 
types of functional disease. 

Moreover, spontaneous fluctuations in the form, amplitude, and polar- 
ity of a vagotonic or sympathicotonic precordial lead T wave in suc- 
cessive electrocardiograms on the same subject was a characteristic 
feature in the eases which formed the basis of this study. Since mal- 
position of the exploring electrode was excluded as a causative factor, 
the likely explanation for this phenomenon is the occurrence of a varia- 
tion in the degree of autonomic nervous dysfunction arising from varia- 
tions in the intensity of the emotional disturbance. It is therefore im- 
portant not to disregard this possibility lest a mistaken diagnosis of 
acute myocardial change be made, especially when arthralgias, a systolic 
murmur, and precordial pain are associated manifestations of the syn- 
drome. 

It has also been observed that the T-wave representation of autonomic 
imbalance in the human electrocardiogram may occasionally disappear 
spontaneously and completely, in both the “vagotonic” and “sympa- 
thicotonic” groups (Cases 2 and 4). Under such circumstances, the 
use of an appropriate drug or maneuver will result in a distortion of 
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the precordial lead T wave analogous to that which had been apparent 
in the same case in a routine tracing at a previous time (Case 2, Fig. 
6; Case 4, Fig. S). The implications of this phenomenon are far-reach- 
ing. For one tiling, it would seem that a dysfunction of the autonomic 
nervous system can never lie entirely dismissed, even when all the elec- 
trocardiographic deflections in a single, routine record are normal, un- 
less a “latent 55 preponderance of the cholinergic or adrenergic com- 
ponents can be excluded by supplemental studies following the admin- 
istration of sympatholytic or parasympatholytic drugs, respectively. 
Other advantages in the use of this simple method for the identification, 
through the medium of the human electrocardiogram, of a “latent 55 
imbalance of autonomic function in man will be more fully dealt with 
in a subsequent paper. 

The relation of heart rale to the appearance or disappearance of 
aberrant T waves due to excessive adrenergic or cholinergic impulses 
cannot be stated with finality at this time. Most often, but not always, 
a “vagotonic” T wave, when it occurred spontaneously, was associated 
with a relatively slow rate (Table I) ; when it was exaggerated by ergot- 
amine, it was accompanied by bradycardia; and, when it was abolished 
by parasympatholytic or sympathomimetic procedures, the influence of 
cardiac acceleration could not be entirely discounted. On the contrary, 
the appearance of a “sympathicotonic” T wave was not always asso- 
ciated with tachycardia, and the elimination of such a deformity by 
ergotamine was not always dependent on the development of brady- 
cardia. In any event, it appears to be true, in the present group, that 
the occurrence of a bizarre T wave, whether it be due to vagotonia or 
sympathicotonia, cannot be correlated with a critical heart rate in the 
same person. The parallelism sometimes seen may be coincidental, in 
that both are independent effects of nerve tone. The rate, therefore, 
can be considered only another measure of the degree of nerve tone 
dominance. 

The mechanism by which the precordial lead T wave is as greatly 
distorted in cases of neurocirculatory asthenia as in instances of struc- 
tural cardiac disease will require further stud.y. It is possible that the 
phenomenon may lie related to a disturbance of ionic equilibrium in the 
cellular electrolytes, which is known 10 to result from overexcitation of 
one or the other components of the autonomic nervous system in re- 
sponse to various emotional stimuli. Conceivably, the summated elec- 
tromotive forces which are projected in the preterminal deflection of 
the human electrocardiogram may be sufficiently altered by this means 
to produce the T-wave changes encountered in these instances. In any 
case, it can be categorically stated, from the evidence at hand, that the 
balanced dualistic role of the autonomic nervous system in the preserva- 
tion of cardiac homeostasis is important not only because of the regula- 
tory control it exercises upon the rate, rhythm, and conduction, but also 
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because of its modifying influence upon the electrical events which ac- 
company cardiac muscle contraction. The prediction can therefore be 
ventured that recognition of the contribution of autonomic nervous 
stimuli to this latter function undoubtedly will prove of assistance in 
the appraisal of heretofore obscure phenomena in the human electro- 
cardiogram. 

SUMMARY AXU CONCLUSIONS 

1. It is shown that multiple precordial leads derived from the left 
hemithorax of the recumbent subject suffering from “functional” heart 
disease may reveal alterations in form, amplitude, and polarity of the 
T wave which are indistinguishable from those associated with struc- 
tural cardiac disease. 

2. The role of heightened vagal tone or of sympathetic tonal pre- 
ponderance in the production of these abnormalities of the precordial 
lead T wave is demonstrated. It is therefore urged that, in the eval- 
uation of any bizarre T wave in the precordial or limb leads when the 
subject is recumbent, the factor of autonomic imbalance should always 
be considered. 

3. Simple testing methods based on procedures which cause sympa- 
thomimetic, sympatholytic, parasympathomimetic, or parasympatholytic 
effects are described for differentiating these “functional” T-wave alter- 
ations from similar changes caused by organic heart disease. It is there- 
fore advocated that these testing methods be applied to every electro- 
cardiogram in order to permit a proper appraisal of any potential or 
manifest T-wave abnormalities. 

4. The demonstration through the medium of the human electrocardio- 
gram. of a state of “latent” vagotonia or sympathicotonia is briefly dis- 
cussed. 

5. The instability of these bizai-re precordial lead T waves of “func- 
tional ’ origin in successive cardiac cycles in the same electrocardio- 
gram or in successive electrocardiograms in the same case is demon 
strated. The importance of recognizing this characteristic feature in 
the electrocardiograms of persons with “functional” heart disease is 
emphasized. Methods for avoiding the mistake of attributing these 
changes to active heart disease arc described. 

6. The importance of emotional factors in the production of “func- 
tional ’ precordial lead T-wave distortions is stressed. 

t. I he relation of heart rate to the occurrence or disappearance of 
these “functional” aberrations of the precordial lead T wave is con- 
sidered. 

8. The mechanism by which vagotonic or sympathicotonic influences 
can alter the preteiminal deflection of the human electrocardiogram is 
briefly discussed. 
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9. The importance to the Armed Forces of recognizing' these unstable 
precordial lead T waves, because of their relation to neurocirculatory 
asthenia, is stressed. 

10. Evidence is presented to indicate that the balanced dualistic role 
of the autonomic nervous system in the preservation of cardiac homeo- 
stasis is important not only because of the regulatory control it exercises 
upon the rate, rhythm, and conduction, but also because of its modifying 
influence upon the electrical events which accompany cardiac muscle 
contraction. 

11. The timeliness of these observations is evident because the recent 
recommendations of the American Heart Association for the routine em- 
ployment of multiple precordial leads was prompted primarily by a 
desire to increase the usefulness of the electrocardiograph in the diag- 
nosis of structural cardiac disease. 
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THE RELATIONSHIP OF BLOOD VISCOSITY TO THE 
INTENSITY OF HEART MURMURS 


Solomon Garb, M.D. 

New York, N. Y. 

L ATE in 1942, a patient with polycythemia was admitted to the New 
1 York Hospital. Ilis erythrocyte count was 9,000,000, Ids hemo- 
globin, 23.8 Gm. (16 5 per cent), and his hematocrit, 79 per cent. The 
bone marrow showed no evidence of polycythemia vera. The electro- 
cardiogram indicated a congenital defect,, and the roentgenogram 
showed a tremendously enlarged pulmonaiy conus. However, no mur- 
mur could be heard. Because of the absence of a murmur, the possi- 
bility of polycythemia due to a congenital heart lesion was ruled out. 
In the light of this interpretation, further observations were indicated 
to ascertain more precisely the character and extent of the changes in 
murmurish sounds produced by alterations in the viscosity of the blood. 

METHOD 

A modification of the Wiggers 1 circulation machine was used, A 
constant-speed electric motor drove the machine, which was adjusted to 
pump at a rate of 50 strokes per minute and at a constant stroke volume 
of 30 c.c. A system of valves prevented backflow, and the circulating 
medium passed through thick rubber tubing, representing the blood 
vessels. 

•Sounds simulating murmurs of cardiac origin were produced by caus- 
ing blood to pass through a 1 cm. copper tube, closed at one end except 
for three small openings, each 2 mm. in diameter. This end of the 
copper tubing was enclosed in a thiekwalled rubber tube, 3 cm. in 
diameter, from which the blood returned to the pump. Bv this ar- 
rangement, turbulence in the flow of blood was produced as it passed 
through the openings in the copper tubing and into the larger rubber 
tube. The oscillations so produced in the fluid caused the walls of the 
rubber tube to vibrate. 

A rubber nipple was glued to the 3 cm. tube, just above the three 
openings in the copper tube. A stethoscope or a microphone was fitted 
into the rubber nipple, forming an airtight seal. By this means the 
sounds produced were picked up (Fig. 3), 

The amplification and recording systems were made up as follows; a 
microphone was connected to a specially designed amplifier system, 
which, in turn, was connected to a loud-speaker. The vibrations of 
the armature of the loud-speaker were transmitted bv a thin copper 
wire to a small mirror. A beam of Ikrht from a projector was reflected 
from the mirror, and recorded by means of a phot’okymograph. This 
system was capable of reproducing frequencies up to 500 cycles per 
■second. The murmurs produced had frequencies under 300 cycles per 
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second; therefore, the amplifier system was fully adequate to 'the re- 
quirements of this study. 

The system was insulated as well as possible against extraneous sounds 
and electrical fields. Amplification was kept constant. 

At all times during the experiments the systolic pressure was kept 
constant by varying the resistance with a screw clamp beyond the source 
of the murmur. Since temperature affects the viscosity of blood, it was 
maintained in these experiments at 20° C. 

The circulating medium consisted of Group A bank blood from which 
most of the plasma had been removed. For the initial observations, 
blood was used with a hemoglobin level of 140 per cent and an erythro- 
cyte count of 6.9 million. After recordings had been made, the vis- 
cosity was lowered, by adding plasma and saline, to 120 per cent hemo- 
globin, without stopping the circulation in the machine, and with special 
care not to introduce air bubbles. Thirty minutes were allowed for 
thorough mixing before taking samples for hemoglobin determination. 
Keeordings of the sounds were then made. This procedure was re- 
peated at hemoglobin levels of 115 per cent, 105 per cent, 90 per cent, 
and TO per cent. From ten to thirty sound cycles were recorded and 
averaged at each level. Additional evidence in corroboration of the 
observations was obtained by auscultation, and also by increasing the 
viscosity of the blood through adding more corpuscles. 



Fig-. 1 . — Drawing of apparatus used to produce the murmur. 


The viscosity of: samples of the circulating blood was ascertained by 
measuring the time taken by 25 c.c. of blood in a filled 50 c.c. burette 
to pass through a capillary tube,, as compared with measurements made 
in the same way with distilled water. 

The criterion used for the intensity of a murmur was the distance 
from the peak of the fourth highest to the peak of the fourth lowest 
line in the same records. When this criterion is used, the results of 
averaging several series of three groups of ten successive murmurs show 
a deviation of less than 3 per cent for the average of ten cycles. The 
noise level of the amplifying and recording apparatus was found to be 
6 mm., caused by “AC hum” of the radio and electrical interference 
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of the motor, even when no blood was flowing through the apparatus. 
This 6 mm. level was therefore the zero point in measuring murmur 
intensities. 

RESULTS 

With a hemoglobin level of 140 per cent and an erythrocyte count 
of 6.0 million, no murmur could be detected, either in the records or by 
auscultation. At 120 per cent hemoglobin, a very faint murmur was 
detected by the increased amplitude of the vibration. The murmur 

■mu in — <»»'«■ — — »* >""" 


HEART SOUNDS IN A HEALTHY YOUNG ADULT 


ARTIFICIAL MURMUR H8 70% 






HB 90% 






HB 105% 




HB 115% 




HB 120% 




HB 140% 


FiK. 2. Comparison of recording of normal sounds and artificial murmurs. All 
r.cordlntpr are made at the same amplification (Xl/3). 


grew progressively louder as the blood was diluted, until, at a hemo- 
globin level of 70 per cent, it was louder than normal heart sounds 
over the pulmonic area (Fig. 2 ). Below a hemoglobin level of 70 per 
cent, no change in the intensity of the murmur could be found. The 
intensities of the murmurs were measured, tabulated, and plotted. 
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Table I 


HEMOGLOBIN LEVEL 
(%) 

MURMUR INTENSITY 
(MM.) 

VISCOSITY 

140 

6.0 

13.5 

120 

7.6 

7.5 

115 

9.6 

6.1 

105 

12.0 

4.1 

90 

13.4 

3.0 

70 

14.8 

2.5 



Fig. 3. — A graph of murmur intensity compared to blood viscosity. The dotted line 
represents the theoretical extension of the graph. 


; ■ . ' 1 *■ 

n 



Fig. 4. — A graph of murmur intensity compared to blood hemoglobin content. The 
dotted line represents the theoretical extension of the graph. 

DISCUSSION 

Observers agree that murmurs are produced by turbulent blood flow. 
Hydraulic studies have shown that turbulence decreases with increased 
viscosity. 2 Since turbulence is the cause of murmurs, one would expect 
murmur intensity to decrease with increased viscosity. Pig. 3 presents 
evidence in support of this concept. Although some workers are of the 
opinion that, below 100 per cent hemoglobin, viscosity is directly related 
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to the hemoglobin and erythrocyte content/ 5 all agree that, at hemo- 
globin levels over 100 per cent, the relationship of viscosity to hemo- 
globin is hyperbolic . I * 3 * 4 Since viscosity increases hyperbolical ly -with 
increased hemoglobin and erythrocyte count, the murmur intensity 
should drop precipitously with increasing blood hemoglobin levels. Fig. 
4 shows that the experimental observations accord with this theory. 

Although, for convenience, hemoglobin levels are given in this paper, 
it should be emphasized that the erythrocyte count is probably more 
important in determining viscosity. However, since the blood used in 
this experiment had a color index of one, the use of hemoglobin content 
is valid. 

From Fig. 4, it may be deduced that a murmur heard at 100 per cent 
hemoglobin should have an amplitude of 13 mm. A murmur heard at 
70 per cent hemoglobin measures 14.S millimeter. The difference is 
1.8 millimeter. A murmur 1.8 mm. above the zero point, or 7.8 mm., is 
slightly louder than the murmur recorded at 120 per cent hemoglobin. 
The latter is an unmistakable murmur, approximately as loud as the 
normal first heart sound (Fig. 2). This would indicate that a lowering 
of blood viscosity is, in itself, enough to bring out a definite murmur, 
even if the rate of flow and the size of the orifices arc constant. 

The intensity of the murmur decreased precipitously as the hemo- 
globin rose over 100 per cent (Fig. 4). At 105 per cent hemoglobin the 
murmur was louder than normal heart sounds (Fig. 2). At 120 per 
cent hemoglobin, it became much fainter, and, at 140 per cent hemoglo- 
bin, it disappeared completely. Since in both primary and secondary 
polycythemia erythrocyte counts over 7 million, hemoglobin levels from 
125 per cent to 165 per cent, and viscosities of 20 to 32 are expected, 5 
it follows that the absence of a murmur in polycythemia does not rule 
out gross structural cardiac abnormalities. Furthermore, the presence 
of a murmur in polycythemia probably indicates a much more extensive 
abnormality than it would if the blood picture were normal. 


SUMMARY 

1. A method of producing and recording a murmur is described. 

2. The murmur produced was found to decrease precipitously with 
increased blood hemoglobin levels. 

3. The results show that lowering of viscosity is, in itself, enough to 
produce a definite murmur where none was heard before. This may 
indicate the origin of the hemic murmur. 

4. With high blood viscosities, the absence of a murmur does not 
i ule out gross structural cardiac abnormalities. 


I <.rn grec.lh indebted to Dr. Dayton J. Edwards, under whose svmpathetie guid- 

ance this work was carried out, and to Dr. William Geohegan, who designed and built 

the simplifying and recording systems. 
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ELECTROCARDIOGRAPHIC STUDIES IN NEURO- 
C1RCULATORY ASTHENIA 


Major Robert Bruce Logue, M.C., Major James Feetoiier Hanson, 
M.C., and Captain Wieetam A. Knight, M.C. 

N EUROOIRCULATORY asthenia is not uncommonly confused with 
organic heart disease. In many instances, tin's is due to mis- 
interpretation of changes in the electrocardiogram and ti failure to 
recognize that the electrocardiogram may he altered at times by tin's 
condition. It is important to recognize the true nature of neuro- 
cireulatory asthenia to avoid a false diagnosis of organic heart disease 
and the possibility of engendering cardiac invalidism. 

There are conflicting statements in the literature regarding the 
electrocardiographic findings in neurocireulatory asthenia. A recent 
editorial 1 states that the electrocardiogram in this condition does not re- 
veal any structural change. Master- commented on the slender, asthenic 
person with a low diaphragm and small heart, and stated that, in a 
series of thirty cases which he observed, the electrocardiogram was 
typical. There were small QRS complexes in Lead I and tall QRS com- 
plexes in Leads JI and III, with an occasional tendency to right axis 
deviation. 

Craig and White 3 reviewed the electrocardiograms of 35 patients with 
neurocireulatory asthenia. There were 15 instances of sinoauricular 
tachycardia, 1 instance of auricular pi’emature contractions with 
bigeminy, 8 instances ol' diphasic T waves in Lead II, with inverted 
T waves in Lead III, 6 instances of left axis deviation in obese patients, 
and 5 instances of a lendency to right, axis deviation. In 5 patients 
there was a history of paroxysmal tachycardia. GravbieJ and White 4 
reported 7 cases of neurocireulatory asthenia with inversion of the T 
waves in Leads IT and III. 

Dry 3 lists the electrocardiographic changes which may occur in neuro- 
ci'rculatory asthenia as follows: 

L Prolonged P-R interval. 

2. Prolonged QRS interval, usually with a shortened P-R interval. 

3. Sinoauricular block. 

4. T-wave changes which affect Leads II and III, or all three stand- 
ard leads. 

Other authors' mention elevation of the R-T segments in one or more 
leads and high voltage of the T wave j n Lead I. 

It is clear from the literature that there is no characteristic electro- 
cardiogram in neurocireulatory asthenia. 

„ Cardiovascular Section. Medical Service. Oav.-Kon General Hospital, At - . 

iniuJi, ooorjjia. 

Received tor publication Oct. 2G, I943. 
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Am ong 4,500 patients in the Cardiovascular Section of Lawson Gen- 
eral Hospital over a period of two years, there were 150 patients with 
neurocirculatory asthenia with symptoms severe enough to warrant their 
seeking medical advice. Numerous other patients with mild symptoms 
of this condition were seen in routine consultation, but were omitted 
from this study. A review of the electrocardiograms taken on these pa- 
tients showed that 49 per cent of them had variations from the textbook 
normal. The observations in our series of patients are tabulated in 
Table I. 

It is to be noted that the most frequent abnormality was low voltage 
of less than 1 mm. of the T wave in Lead I, using 1 nun. as the upper 
limits of normal (Fig. 1, A). This occurred in twenty-two, or 14 per 
cent, of the cases. 


a. b. c. d. 



Lew* Ti Inverted T=, T: Before Tilting-. After Tilting. 

Fig. 1. 


There were 6 additional instances in which both T, and T 2 were of 
low voltage. In only 2 instances was the T wave inverted in Lead I. 
Thus the T wave in Lead I was abnormal in 28, or 20 per cent, of the 
cases. This was usually accompanied by tachycardia. 

There were 18 instances in which the T wave in Lead III was diphasic 
or inverted, and 9 instances in wheli the T waves were inverted in 
Leads II and III (see Fig. 1, B). Thus the T wave was abnormal in 
Lead III in 27 instances, or 18 per cent of the cases. 

The T wave was of low voltage in Lead II in 5 cases and diphasic or 
inverted in 9 cases, or abnormal in 21, or 14 per cent of the cases. 

The P-E interval was prolonged in 7 instances in which there was no 
evidence of heart disease or history of any disease which might reason- 
ably be associated with prolonged conduction. Atropine in doses of 
1/75 gram was given intravenously to four men in this group. In 
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Table I 


Abnormalities of .the Electrocardiogram in Seventy -Four Cares or 

NEUROCIKCULATOEY ASTHENIA 


ABNORMALITY' 

FREQUENCY 

Axis deviation, left 

u 

Axis deviation, right 

6 

E’xtrasystoles 

0 

Intraventricular block, S-wave type 

1 

P-E interval prolonged 

7 

Q 3 deep 

*J 

tJ 

R, small 

I 

QKS slurred all leads 

4 

S-T elevation 

3 

S-T depression 

1 

T, inverted 

2 

T, low 

22 

T, and T, low 

G 

T, diphasic and inverted 

1 

T, low 

5 

T„ and T„ diphasic and inverted 

9 

T„ and T, inverted after tilting 

12 

T, diphasic and inverted 

18 

7\ inverted 

2 

T t low 

2 

Low QES„ high QRS, an4 . 

35 


three eases the P-R interval returned to normal. It was felt that, when 
there was a response to atropine, prolongation of the P-R interval was 
due to increased vagal tone. 

Extrasystoles were surprisingly infrequent; they were seen in only 
6 eases. This is not a true picture, for they are much more common 
upon physical examination, in our experience, and there is considerable 
fortuitousness in the recording of these variations. 

The type of change described by Master, consisting of a low ampli- 
tude of. QRS in Lead I with a high amplitude of the QRS in Leads II 
and III, was seen in thirty-five instances, or 23 per cent of the cases, 
i his variation is related to body build, and is associated with a long, 
narrow chest and low diaphragm with small heart. In our experience, 
•these changes are not uncommon with this type of physiologic build, and 
are not believed to be related to the syndrome of neurocirculatory 
asthenia per se. 

fbei e were 12 additional patients whose electrocardiograms were nor- 
mal in the recumbent position, but who developed inversion of the T 
■waves in Leads II and III upon tilting to 65° on a tilt table (Fig. 1, 
C and D). The mechanism of this change is not clear, but it may he 
associated with a diminished venous return to the heart, with a second- 
ary fall in cardiac output in patients with vasomotor instability. 
Hyperventilation may at times play a part, as has been pointed out by 
Thompson, but this condition was not prominent in the present group 
of eases. These occurred in a series of 50 tilt table tests, with trac- 
ings taken immediately before tilting, three minutes after tilting, and 
twenty minutes after tilling. There were three positive tests, with in- 


LOGUE ET AL. : NEUROCIRCULATORY ASTHENIA 577 

version of the T waves in Leads II and III in the absence of the clinical 
picture of neu ro ci rcul at or y asthenia. Of these,, there were two eases 
of angina pectoris and one of vasomotor instability without subjective 
symptoms. 

There were 20 instances of axis deviation, including 14 cases of left 
axis deviation and 6 cases of right axis deviation. A tendency to right 
axis deviation was not uncommon. Other changes were intraventricular 
heart block of the S-wave type, deep Q 3 , small R 4 , S-T elevation or de- 
pression, and a T wave of low voltage or inverted in Lead CF 4 . 

The occurrence of alterations of the T waves, including low ampli- 
tude of the T wave in Lead I, and low amplitude and inversion of the 
T waves in Leads II and III, necessitates the differentiation of neuro- 
circulatory asthenia from coronary arteriosclerosis witli or without an- 
gina pectoris. The differential diagnosis rests upon the history and 
physical examination, and not upon the electrocardiographic findings. 
Similar changes may be observed in the electrocardiogram in neurocircu- 

latory asthenia and in coronarv arteriosclerosis. 

* *• 

From a brief review of the literature and from the results of this 
study, it is felt that there is no characteristic electrocardiogram in 
neurocirculatorv asthenia. A number of variations from the normal 
may be encountered. 


SUMMARY 

The electrocardiographic variations in 150 patients with neurocircu- 
latory asthenia are presented. A brief review of the literature con- 
cerning the electrocardiographic changes in neu r o c i rcu 1 a tory asthenia 
is given. The importance of avoiding misinterpretation of confusing 
electrocardiographic changes as evidence of organc heart disease is em- 
phasized. Alterations in the electrocardiogram similar to those ob- 
served in coronary arteriosclerosis may be seen in neurocirculatory 
asthenia. The differentiation rests upon the history and physical ex- 
amination, rather than upon the electrocardiogram. There appears to 
be no characteristic electrocardiogram in n eur o eireu 1 a to ry asthenia. 
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RUPTURE OP MITRAL CHORDAE TENDINEAE 

Clinical and Pathologic Observations on Seven Cases in Which 
There Was no Bacterial Endocarditis 

Orville T. Bailey, M.D., Boston, Mass., and 
John B. Hicicam, M.D., Atlanta, Ga. 

M OST of the attention given to rupture of the chordae tendincac 
of the mitral valve has been accorded those instances which occur 
during the course of acute or subacute bacterial endocarditis, or which 
result from severe external violence to the chest, Frew 1 described a ease 
in whicli rupture of the mitral chordae tendineae took place during a 
prolonged attack of acute rheumatic fever; and Frothingham and Hass 2 
have reported an instance of spontaneous rupture of mitral chordae 
which were apparently not the site of previous disease. 

In the last 2,400 autopsies at the Peter Bent Brigham Hospital, there 
were eleven instances of rupture of the mitral chordae tendineae. Four 
were associated with bacterial endocarditis involving this valve. The 
other seven patients presented no evidence of bacterial endocarditis and 
no history of severe trauma to the chest, but the mitral valves and their 
chordae tendineae showed scarring, calcification, or other pathologic 
changes. It is the purpose of the present report to discuss these in- 
stances of spontaneous rupture of scarred or chronically injured mitral 
chordae tendineae and to correlate the clinical and pathologic character- 
istics of the syndrome. 


REPORT OF CASES 


Case 1. — A 51 -year-old white woman was first admitted to the hos- 
pital in February, 1.941, because of shortness of breath of sudden onset 
three weeks previously. There was no history of rheumatic fever. 
Ten years before admission the patient was told that she had hyper- 
tension, but there had been no symptoms referable to the cardiovascular 
system. For over three years preceding admission she had been ex- 
amined by her physician at intervals of two to three months. The 
systolic pressure had been consistently in the neighborhood of 2G0 mm. 

.£• , cardiac murmurs had been heard. Three weeks prior to ad- 
mission, after cleaning the cellar, tending the furnace, and lifting and 
shoveling coal, she climbed Ihc stairs to her kitchen and thereupon be- 
came au ai e ot severe, unusual shortness of breath. This subsided after 
a. few minutes. On the following day she went to her doctor. Having 
examin ed her heart a month before and found no murmurs, he was 


T th0 . Harvard Medical School and the Peter 
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surprised on this occasion to hear a very loud systolic murmur all 
over the preeordium. The patient was treated with rest and digitalis. 
Three weeks later she was admitted to the hospital. 

Physical examination showed a markedly obese woman who was able 
to lie flat without, distress. The pupils reacted to light. The arteries 
of the fundus o'euli showed thickening and arteriovenous nicking, with 
several areas of old exudate. The neck veins were not distended. There 
was moderate, soft enlargement of the thyroid. The heart was enlarged 
to the left and a strong impulse was noted. No thrill was felt on this 
admission. There was a harsh, precordial, systolic murmur trans- 
mitted into the neck and left axilla, but no diastolic murmur was 
heard. The rhythm was normal, with a. rate of 100 per minute. The 
blood pressure measured 220/130. The lungs were normal on ausculta- 
tion. There was slight tenderness below the right costal margin, but 
the liver could not be felt. No edema was present. 



Pig. 1. — Case 1. The atrial surface of the mitral valve. The cusps of the valve 
were thickened, hut there was no significant degree of stenosis. There was consider- 
able ballooning upward of the posterior cusp, from which the ends of two ruptured 
chordae tendineae projected into the valve orifice. Note the bulbous tips of the free 
ends of the ruptured chordae tendineae. 


The blood Wassermann and Hinton reactions w r ere negative. The 
vital capacity w r as 1,400 e.c., and the decholin circulation time was 17 
seconds. The electrocardiogram showed left axis deviation. The pa- 
tient was running a low-grade fever, which was ascribed to her urinary 
tract infection. This responded to sulfathiazole therapy, and she was 
discharged, afebrile and asymptomatic, on the thirteenth hospital day. 

For eight months she felt fairly well on limited activity. Three 
weeks before her second hospital admission she exerted herself more 
than usual, and thereafter developed weakness, dyspnea, and orthopnea. 
Four days before admission, swelling of the feet and ankles appeared 
for the first time. She was readmitted to the hospital Nov. 4, 1941. 
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Physical examination shower! a severely ill, perspiring woman, sitting 
up in bed and gasping for breath. The neck veins were distended up 
to the mandibles when the patient was in a sitting position. The heart 
was enlarged to the left. The rhythm was normal, except for occasional 
dropped beats, at a rate of 120 per minute. At the base a rough, loud 
systolic murmur was heard. At the apex and extending upward over 
the preeordiurn, there was an intense systolic thrill and a very loud, 
blowing, systolic murmur. No diastolic murmurs were heard. The 
blood pressure was 225/115. There were moist rales throughout both 
Jungs, with signs of fluid up to the fifth rib on the left and the seventh 
rib on the right. Liver dullness extended three fingerbreadths below 
the costal margin. There was well-marked edema of the legs. The 
electrocardiogram was essentially unchanged. A teleoroentgenogram 
showed only 10 per cent enlargement by height-weight ratio. The 
aorta was moderately tortuous and the hilar vessels were considerably 
engorged. There was fluid in both pleural sacs. There was definite 
dilatation of the left atrium posteriorly, with marked systolic expan- 
sion of the atrium, suggesting mitral regurgitation. .She was given 
digitalis and diuretics, and was discharged much improved after nine- 
teen days. 

After discharge, the patient did fairly well on limited activity, except 
for several brief attacks of abdominal pain, distention, and vomiting. 
With the last of these, on May 31, 3942, she developed circulatory col- 
lapse, and was brought to the hospital. She died a few hour’s after 
admission. 

Necropsy . — Anatomic Diagnoses: Rupture of chordae tendineac of 
mitral valve; fibrosis of mitral valve; cardiac hypertrophy and dilata- 
tion ; generalized arteriosclerosis: hvdrothorax, bilateral; ascites; pas- 
sive congestion of viscera; aspiration of gastric contents in lung; mul- 
tiple adenomata of thyroid ; chronic cholecystitis; cholelithiasis. 

The heart weighed 520 grams. The left atrium was considerably 
dilated, and the right atrium and ventricle somewhat less so; the left 
ventricle was dilated very little. The right ventricular myocardium 
measured 0.9 cm. in thickness, and that of the left ventricle, 2.2 centi- 
meters. Jt was deep red in color and no areas of scarring were found. 
The tricuspid, pulmonary, and aortic valves were normal in size and 
texture. A few thrombi were found on the surface of the endocardium 
just beneath the aortic valve, hut elsewhere the endocardium was smooth. 

As seen from the atrial surface, the mitral valve was thickened and 
irregular, but there was no significant degree of stenosis. The ends of 
two ruptured chordae tendineac projected into the valve orifice from 
the posterior cusp (Fig. 1 j. The right portion of the posterior cusp 
was displaced upward into the atrium. The ruptured chordae were 
thickened and had rounded free ends. On a papillary muscle of the 
tight group there were two rubbery, rounded elevations, each 2 mm, 
in height. These represented the original attachments of the ruptured 
chordae; the rupture had occurred just above the site of attachment. 
There was considerable atrophy of this papillarv muscle, but the other 
papillary muscles were normal. 

There was a moderate degree of sclerosis of the coronary arteries, hut 
they were not occluded or thrombosed. The pericardial sac was nonnal. 

Microscopic Examination . — There was a large amount of dense, hya- 
line, fibrous tissue in the mitral valve, especially in the central por- 
tions of the cusp. Small and large blood vessels were found in all parts 
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of the mitral cusps. No Aschoff bodies were seen. The stumps of the 
ruptured chordae tapered at their free ends, and the surfaces were 
everywhere covered by endothelium. Within the ruptured chordae, the 
tissue was dense and hyaline, with few cells and blood vessels. The 
papillary muscle at the point of attachment of the ruptured chordae 
showed considerable scarring (Fig. 2). 

There was edema of the interstitial connective tissue of the •myo- 
cardium. The myocardium was not otherwise remarkable. 



Fig. 2. — Case 1. Photomicrograph of the stump of a ruptured chorda tendinea at- 
tached to a papillary muscle. Hematoxylin and eosin stain; magnification, X75 re- 
duced. 


Case 2. — A 52-year-old white man was admitted to the hospital 
March 30, 1940. He gave no history suggesting rheumatic fever. Phys- 
ical examination twenty-five years before was said to have been nega- 
tive. Sixteen years before admission, during an exhausting struggle in 
quicksand, lie experienced a severe, pressing pain over the heart. For 
one or two years before admission lie had had a similar pressing pain 
to the left of the sternum on hurrying, particularly in a cold wind. 
For about three years there had also been shortness of breath on in- 
clines or when running, and palpitation at various times. On the night 
before admission, the patient was awakened from sleep by a pressing 
pain in the left side of the chest anteriorly. He was extremely breath- 
less on awakening, and this persisted until he found partial relief by 
sitting up. On the next day he was admitted to the hospital. 

Physical examination showed an obese man, propped up in bed, 
breathless, weak, pale, moderately cyanotic, perspiring, and cool over 
the extremities. The temperature was 102° F. (rectal), the pulse rate, 
140 per minute, and the respirations, 36 per minute. The heart was 
enlarged to' the left and to the right. There was a diffuse apex im- 
pulse, but the radial pulse was noted to be small. On this and all sub- 
sequent examinations a coarse, loud, systolic murmur was heard over 
the precordium, maximal at the apex and along the left border of the 
sternum; this was accompanied by a systolic thrill. On the first exam- 
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ination, and irregularly thereafter, a low-pitched diastolic murmur 
was heard at the apex. The apical first sound was loud and snapping, 
and the pulmonary second sound was markedly accentuated. The 
rhythm was normal and the blood pressure was 100/80. Examination 
of the lungs showed moist inspiratory rales at both bases, inspiratory 
rales at the left apex, and rales in both phases of respiration at the 
right- apex. The abdomen was moderately distended; the liver was 
not palpable. The peripheral arteries were in good condition. There 
was no edema. 

The blood Hinton and Wassermann reactions were negative. The 
electrocardiogram on admission showed sinus tachycardia, left axis 
deviation, occasional premature ventricular beats, and a normal Lead 
IV. Four subsequent electrocardiograms showed no essential change 
except for a digitalis effect. On May 8, the electrocardiogram showed 
auricular fibrillation. A roentgenogram on April 4 showed cardiac 
enlai’gement to the left and right, with a straight left border. There 
were coarse mottling of both lungs and partial consolidation of the 
right upper lobe. On April 9 the roentgenogram showed clearing of 
the lungs, revealing a fine, diffuse fibrosis in the right upper lobe. A 
third roentgenogram, on April 22, showed no essential change. 

At first there was moderate symptomatic improvement. Scattered 
rales continued to be present over both lungs, particularly at the bases. 
Repeated examinations of the heart showed some variation in the in- 
tensity of the murmur and thrill. On several occasions systole was 
forcible enough to rock the chest, and there was a wide, lifting, apex 
impulse. At the same time the peripheral pulse was small. By the 
third week, signs of fluid appeared in both pleural sacs, more on the 
left; ascites developed; the liver was felt 3 cm. below the costal mar- 
gin; the spleen was palpable and film; and fullness of the neck veins 
was noted. On April 24 the venous pressure was 260 mm. of saline 
(normal, 100 mm.). The vital capacity diminished from 1,700 c.c. in 
the first week to 3,100 c.c. during the third week. On May 14, abdom- 
inal paracentesis yielded 3,200 c.c. of yellowish, cloudy fluid with a 
specific gravity of 1.010. By this time the edema had progressed to 
involve the lower portion of the body as far up as the nipple line. 
Auricular fibrillation developed on the fortieth hospital day and per- 
sisted. until death. The patient became steadily weaker, developed in- 
continence of urine and feces, and died on the fifty-third hospital day. 

A ecropsy . — Anatomic Diagnoses: Rupture of chordae tendincae of 
mitral valve; fibrosis of mitral valve; myocardial fibrosis; cardiac hyper- 
trophy and dilatation; passive congestion of viscera; thrombosis of 
branches of pulmonary arteries and veins; acute bronchopneumonia; 
hydrothorax, bilateral ; ascites. 

The heart weighed 470 grams. In situ, the heart was considerably 
dilated, especially the left atrium, and the left ventricle to an only 
slightly less degree. The cusps of the mitral valve were thickened, hut 
there was no stenosis. The free edges were rolled, and numerous small, 
firm, white nodules were present on the atrial surface and along the 
annulus fibrosus of the anterior cusp. The chordae tendineae attached 
to the left papillary muscle and those extending from the right papillary 
muscle to the posterior cusp were thickened hut intact. Eight chordae 
tendmeae, which originally connected the anterior cusp and the right 
papillary muscle, were ruptured near the point of attachment to the 
papillary muscle (Fig. 3). Their free ends were tapered and rounded. 
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One ruptured chorda- was approximately five times the thickness of the 
others. . The portion of the right papillary muscle to which these chordae 
tendineae were originally attached was atrophic, in contrast to the 
other portion and the left papillary muscle, which were markedly 
hypertrophied and which deviated in the direction of the anterior cusp. 
The aortic, pulmonary, and tricuspid valves were normal. Small 
nodules similar to those on the mitral valve were present on the intima 
of the aorta near the orifices of the coronary arteries and on small 
areas of the endocardium of the right and left atria. 

The myocardium was not remarkable. There was slight atheroma 
of the coronary arteries, but no occlusions were found. The peri- 
cardium Avas normal. Small Soldier’s plaques A\ r ere seen on the epi- 
cardium. 



L . 


Pig. 3. — Case 2. The anterior cusp of the mitral valve was turned back. Eight 
chordae tendineae were ruptured, not all of which are shown in the photograph. Note 
the thickening of the chordae tendineae, the atrophy of the papillary muscle to which 
the ruptured chordae tendineae had originally been attached, and the hypertrophy 
of the papillary muscle with intact chordae tendineae. 


Microscopic Examination . — The nodules described grossly were com- 
posed of dense, hyalinized, connective tissue covered by endothelium. 
The ruptured chordae Avere made up of dense, relatively acellular, con- 
nective tissue, Avith basophilic areas of degeneration. Endothelium 
covered the surface. There Avas dense eonnectrte tissue thickening of 
the mitral A'alve. A - myocardial vein contained an organizing thrombus. 
There Avas a. moderate increase in the connective tissue of the myo- 
cardium, but no Aschoff bodies or areas of infarction Avere encountered. 

Case 3. — A 54-year-old colored man Avas admitted to the hospital 
May 28, 1942. There Avas no history of rheumatic fever. Five or six 
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years before admission he had been fold that he had high blood pres- 
sure, but his only complaint had been occasional attacks of mild cpi- 
staxis. Seventeen months before admission, while shoveling coal, he 
had a sudden attack of dyspnea which lasted for approximately forty- 
five minutes, during which time he was forced to sit still in an upright 
position. Thereafter, he had occasional, milder attacks which came 
on during the course of moderate exertion, but never at night. Usu- 
ally he was able to discharge his duties without difficulty. 

Seven months before admission he began to have a productive cough. 
Two months later he had the first of several attacks of sharp pain in 
the anterior part of the chest, apparently accompanied by dyspnea, 
which sometimes lasted over an hour. Gradually he developed trouble- 
some shortness of breath on exertion, and, six weeks before admission, 
his physician prescribed a compound of squill, digitalis, and calomel, 
with moderate improvement. On the day before admission, while 
walking on the street, he became aware of increasing difficulty in 
breathing, profuse sweating, and a sensation of abdominal distention. 
This passed off after an hour, but he coughed up small quantities of 
bright red blood. On the following day there was a similar attack of 
dyspnea, because of which he was admitted to the hospital. 

For approximately six months before admission he had been under 
the observation of a physician who had examined him on several occa- 
sions. Each time a loud systole murmur had been present. His doc- 
tor was under the impression that there had been no change in the 
character of this murmur. 


Physical examination showed a lean, tired, orthopneic Negro, per- 
spiring over the forehead. There were some narrowing of the arteries 
of the fundus and moderate arteriovenous nicking. A few hemor- 
rhages were seen in the right eye ground, and some exudate in both. 
The peripheral arteries were thickened and tortuous. The blood pres- 
sure was 155/95; later it rose to 190/100. The neck veins were not dis- 
tended. The heart was enlarged to the left. There were a heaving 
apical impulse and an apical systolic thrill. The rhythm was normal 
except for occasional extrasysfoles. The rate was 100 per minute. 
There was a veiy loud, harsh, systolic murmur, maximal at the apex, 
hut also heard over the precordium and posterior part of the chest. 
The lungs were normally resonant. There were moist rales at the 
bases of both lungs and over the upper portion of the right lung, poste- 
riorly. The liver and spleen were not palpable. Slight edema of the 
ankles was present. 


The blood Hinton and AVasserman n reactions were negative. The 
decholin circulation time was fifteen seconds, and the venous pressure 
measured 40 mm. of saline. Roentgenograms showed marked cardiac 
enlargement, with a round, blunt left ventricle and a tortuous aorta. 
There was marked consolidation around the. hila of both lungs, with 
complete consolidation of the right upper lobe. The electrocardiogram 
showed right bundle branch block. 

AA bile in the hospital there were numerous attacks of paroxysmal 
dyspnea and the chest became filled with rales. -The patient failed 
steadily and died on t lie seventh hospital day. 

.A ter ops;/. Anatomic Diagnoses: Rupture of chordae tendincae of 
mitral valve, old and recent; endocardial vegetations, organized : cardiac 
hypertrophy and dilatation; myocardial fibrosis; arteriosclerosis, gen- 
eralized; pulmonary edema with hemorrhage; thrombosis of branches 
of pulmonary artery and vein from left lower lobe. 
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The heart weighed 860 grams. As studied in situ, the heart was 
.very much enlarged, especially the left ventricle, which was larger than 
the three other chambers combined. As the mitral valve was viewed 
from above, the anterior cusp was found to be displaced upward (Fig. 
4). The free ends of the ruptured chordae tendineae could be made 
out through the orifice. There were numerous small, grayisli-white, 
soft masses on this cusp, as well as on the endocardium of the left ven- 
tricle and on the posterior leaflet of the aortic valve. All the ruptured 
chordae tendineae belonged to the group attached to the right papillary 
muscle, on which small nodules represented the ends of the ruptured 
chordae. There was moderate atrophy of this papillary muscle. The 
cusps of the mitral valve were thickened and their edges rolled, but 
there was no stenosis. 



Fig. 4. — Case 3. The anterior cusp of the mitral valve was ballooned upward. The 
ruptured chordae tendineae are not shown in the photograph. 

The left ventricular myocardium measured 3.2 cm. in greatest thick- 
ness; and the right, 1 centimeter. There were no areas of scarring. 
Moderate sclerosis was present in the coronary arteries, but no areas 
of occlusion or thrombosis were found. The pericardium and epi- 
eardium were not remarkable. 

Microscopic Examination . — The ruptured chordae tendineae were 
composed of dense, hyaline, connective tissue, with basophilic degenera- 
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tion and a few areas of calcification (Fig. 5), Occasional mononuclear 
phagocytes and rare polymorphonuclear leucocytes were found near 
the free ends. The mitral valve was irregularly thickened because of 
increase in hyaline connective tissue, but there was little vasculariza- 
tion. On the surface there were several nodular excrescences composed 
of dense, collagenous tissue arranged in irregular lamellae. There was 
no inflammatory cellular infiltration. The masses noted grossly were 
platelet thrombi without organization; no bacteria were demonstrated. 

Sections through the ends of the chordae tendineae attached to the 
papillary muscle showed two processes. One of these was the presence 
of very dense hyaline connective tissue, with small areas of calcification ; 



Flir. 5. — Case 3. The free end of a ruptured chorda tenth non. The surface was 
completely endothellalized, indicating that the rupture had taken place a ion# time 
before death. Numerous areas of calcification are shown. Eosin-methylene blue 
stain ; magnification, X150 reduced. 

extended into the subjacent myocardium for a short distance 
{rig. 6). The other process was characterized by the formation of. 
fresh thrombi on the surface. There were a few mononuclear cells 
and polymorphonuclear leucocytes in these regions, and in and about 
some degenerating muscle fibers beneath the thrombi. There was a 
moderate increase in the interstitial connective tissue of the myo- 
cardium. No areas of infarction or Aschoff body formation were found. 

In comment, the histologic observations indicated that the chordae 
tendineae had ruptured on two occasions: on one occasion, a long 
time before death, and, on the other, a few days before death. The 
thrombi were evidently formed at the lime of, or after, the rupture 
of the second group of chordae tendineae. There was no evidence 
of bacterial endocarditis. 
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Case 4. — A 78-vear-old white fanner entered the hospital Feb. 6, 
1938. He had had occasional attacks of tonsillitis, and, in his early 
twenties, had intermittent fever, requiring over four weeks’ bed 
rest. . At the age of 17 years he consulted a physician because of 
sharp, precordial, nonradiating pain of several weeks’ duration. At 
this time he was told that he had heart disease. At the age of 50 
years there was a recurrence of this pain, again of short duration. 



Fig-. 6. — Case 3. Fibrosis and calcification in a papillary muscle at the site of 
previous attachment of a ruptured chorda tendinea. Hematoxylin and eosin stain; 
magnification, X150. 

Fifteen years later he noted recurrence of sharp pain in the precordium 
and lower substernal region, this time upon exertion. For some years 
before admission he had noted weakness, easy fatigue, and intermittent 
swelling of the ankles. Two months before admission he fell, striking 
the anterior part of his chest. At about this time he began to be ex- 
tremely short of breath on exertion, and developed persistent swelling 
of the ankles. A constant aching sensation appeared in the epigastrium 
associated with slight nausea. Four weeks before admission he con- 
sulted a physician, who prescribed digitalis. 

Physical examination revealed a somewhat undernourished, elderly 
man with a malar flush. The temperature was 98.6° F., the pulse 
rate, 90 per minute, and the respirations, 26 per minute. The vessels 
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of the fundi showed slight changes in caliber. The radial pulses were 
equal, regular, and full; the dorsalis pedis pulsations were present. 
The heart was enlarged to both left and right. On admission the 
rhythm was normal; on subsequent examinations it was coupled. 
There were a rough, loud, precordial, systolic murmur, maximal at 
the apex, and a harsh mid-diastolic apical murmur. Both murrain’s, 
which showed some variation in intensity, were accompanied by thrills. 
The blood pressure was 150/90. At the bases of both lungs there 
were numerous moist rales. A firm, lender, liver edge was felt two 
finger breadths below the right costal margin. The spleen was not 
palpable. There was moderate edema of the legs. 



mg’. 7. — Case 4 . Calcification in the free end of a ruptured chorda tendinea. Hem a- 
toxylin and eosin stain ; magnification, XI 50 reduced* 

The blood Hinton and Wassermann reactions were negative. The 
vital capacity was 1,1*00 cubic centimeters. The non protein nitrogen 
oi the blood was 117 mg. per 100 c.c, on the sixth day. The electro- 
cardiogram showed delayed A-Y conduction and collided beats. 

The patient grew progressive! v worse, and death occurred on the 
eighth hospital day, 

A ccropsy. Anatomic Diagnoses: Rupture of chordae tendineae 
of mitral valve; rheumatic heart disease; cardiac, hypertrophy and 
dilatation; hydrothovnx, right; passive congestion of viscera; edema, 
generalized; hyperplasia of prostate. 
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The heart weighed 420 grams. The mitral valve presented a firm 
nodular thickening of its free edges, especially on the posterior cusp. 
In the center of the -anterior cusp there was an area of calcification 
measuring 1.5 by 0.5 cm.; another area of calcification, 1.5 by 1 cm., 
was located at the left lateral angle between the cusps; and a. third, 
2.5 by 1.5 cm., was present in the posterior cusp. The chordae tendineae 
were moderately' thickened and shortened. Two chordae tendinae were 
ruptured, one belonging to the middle group of the posterior cusp and 
the other to the middle group of the anterior cusp. The papillary 
muscles of the left ventricle were hypertrophied. There was some 
thickening of the annulus fibrosus of the aortic valve, and fenestra- 
tion was present along the free edge of its posterior leaflets. The 
other valves were not remarkable. The chambers of the heart were 
dilated to about the same degree. The firm, reddish-brown myocardium 
measured 1.6 cm. in thickness in the left ventricle, and 0.6 cm. in the 
right ventricle. There were no changes in the endocardium. Moderate 
sclerosis of the coronary arteries was. present, most marked near their 
orifices. ; 

Microscopic Examination . — The connective tissue of the mitral valve 
was somewhat increased in amount, and in some areas was more cellular 
than usual. There were no recent vegetations. The ruptured chordae 
were composed of very dense, hyalinized connective tissue, with areas of 
calcification and iron deposit. The free ends were rounded and covered 
by endothelium except for one point, where a deposit of calcium was 
covered by an unorganized thrombus (Fig. 7). The papillary muscles 
at the points of attachment of the ruptured chordae were extensively 
altered by increase in connective tissue. Near the stump of one of 
the ruptured chordae there was an area of calcification with a small 
amount of metaplastic bone formation. In the rest of the myocardium 
there were a few small areas of connective tissue proliferation, with 
loss of muscle cells. Most of it, however, was edematous but other- 
wise normal. 

Case 5. — A 71-year-old white garage man was admitted to the hos- 
pital Sept. 6, 1934. There was no history suggesting rheumatic fever. 
He had had chronic bronchitis for twenty years. For a year before 
admission there had been some shortness of breath on exertion, and 
for four to five months he had been frequently awakened by short- 
ness of breath, forcing him to sit up. Some five months before ad- 
mission he first noted swelling of the ankles. Pills, given by his 
physician, brought only moderate relief. For the last month there 
had. been severe dyspnea, orthopnea, frequent attacks of paroxysmal 
dyspnea, and massive edema of the legs. He had had profuse sweat- 
ing. In the few days preceding admission, lie had been confused and 
drowsy. 

Physical examination showed an obese elderly man with marked 
dyspnea, orthopnea, and cyanosis of the face and hands. The vessels 
of the fundi were obscured by opacities. There were moderate thick- 
ening and tortuosity of the peripheral vessels. The pulse was very 
small in volume, and the apex impulse could not be made out. The 
heart .was enlarged to both left and right. The sounds were irregular 
and faint; there was a blowing systolic murmur, loudest at the apex 
of the heart, but also heard over the base, which varied in intensity 
on successive examinations from moderate to loud. The heart rate 
was 60 per minute, and the radial pulse rate was 30 per minute. The 
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blood pressure measured 380/90. At the base of the right lung there 
was flatness to percussion, with absent tactile fremitus and breath 
sounds. A few basal rales were heard. The abdomen was somewhat 
distended. Liver dullness extended 4 cm. below the right costal mar- 
gin: the spleen was not palpable. There was massive edema over the 
ankles, legs, and sacrum. 

The blood Hinton and 'Wassermanrj reactions were negative. The 
electrocardiogram showed left axis deviation, auricular fibrillation, and 
occasional ventricular extrasystoles. 

The temperature on admission was normal, but in the following days 
it varied between 100° F. and 102° F. The heart rate ranged be- 
tween 50 and SO per minute. The patient failed rapidly, lapsed into 
coma, and died on the third hospital day. 

Necropsy . — Anatomic Diagnoses: Rheumatic heart disease; mitral 
stenosis and insufficiency, rupture of chordae tendineae of mitral 
valve : cardiac hypertrophy and dilatation ; hydrothorax, bilateral ; 
edema of ankles; pulmonary thrombosis, recent; pulmonary emphy- 
sema. 

The heart weighed 780 grams. The cusps of the mitral valve were 
fibrosed and calcified to suclr as extent that they formed a horizontal 
shelf with a slitlike orifice at the center which measured 1.5 by 0.7 
centimeters. Although the annulus fibrosus measured 9 cm. in cir- 
cumference, the orifice measured 5.3 centimeters. Three chordae ten- 
dineae of tire anterior cusp were ruptured, and the free ends attached 
to the valve were 5 to 6 mm. in length. One of the raptured chordae 
had a pointed end; the other two, bulbous tips. The portions at- 
tached to the papillary muscle were found in only one case; the frag- 
ment measured 3 rnm. in length. The unruptured chordae tendineae 
varied from 1 to 1.5 cm. in length. Some were normal, but others 
were distinctly thickened. There were no bacterial vegetations. The 
papillary muscles were slightly hypertrophied. Slight puckering and 
adherence of the left anterior and the posterior leaflets were the only 
evidence of disease of the aortic valve. There was some dilatation 
of the tricuspid valve, but no fibrosis or alteration of the chordae 
tendineae. The pulmonic valve was normal. 

There was marked dilatation of all the chambers of the heart. The 
left atrium had a capacity of approximately 125 c.e.. and the right 
considerably more. The endocardium was slightly thickened in the 
left ventricle and norma] in the right. The left ventricular myocardium 
measured 1.0 to 1.8 cm. in thickness, tire right. 0.5 to 0.7 centimeters. 
It was reddish-brown in color, with some grey patches. The coronary 
arteries showed numerous atheromatous patches without occlusion or 
thrombosis. 


as 


. hcroscopic Examination . — The mitral valve was greatly thickened 
ts a result of an increase in connective tissue. Tn part, the connective 
tissue was cellular, but most of it was dense and hyalinized. There 
v.as extensile vascularization of the valve, but no recent vegetations 
v.cre encountered. The raptured chordae were not sectioned. The 
raiocardial fibers were large. Occasional small areas of scarring 
vero seen, but^ there were no Aschoff nodules or infarctions. The 
coronary arteries showed considerable atherosclerosis without occlu- 
sion. There was considerable fibrosis of the epicardium, with some 
lymphocytic infiltration. The endocardium was not remarkable. 
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Case 6. — A 48-year-old white mail was admitted to the hospital 
April 24, 1931. There was no history of rheumatic fever. When he 
was in the hospital because of a ruptured appendix nine years previ- 
ously the heart was normal. One year later he was told that he had a 
“leaking valve.” In the two years before admission, shortness of 
breath on exertion appeared. Six months later lie became aware of 
. irregularity and rapid rate of the heart, which were at first inter- 
mittent and later constant. For four months there had been a produc- 
tive cough, insomnia, orthopnea, and nocturia. Nevertheless, he con- 
tinued to be active and to work until a week before admission, when 
dyspnea became marked. 

On physical examination the patient was a. well-nourished, middle- 
aged, alert white man who was sitting up in bed. His hair was damp, 
and there was marked perspiration on the forehead and in the axillae. 
Moderate cyanosis was present in the nail beds of the fingers and toes. 
The radial and dorsalis pedis pulses were equal. There was marked 
cardiac enlargement to left and right. The rhythm was totally irregu- 
lar, with an apical rate of 129 per minute and a radial rate of 66 per 
minute. A loud systolic murmur was present over the preeordium, and 
a slight systolic thrill was felt in the apical region. No diastolic murmur 
was heard. The blood pressure measured 134/86. There were slight 
dullness and a few rales at the bases of both lungs, more on the left. 
The edge of the liver was palpated 5 cm. below the right costal margin, 
but the spleen could not be felt. There was slight, nonpitting edema of 
the ankles. 

The blood Hinton and 'Wassermann reactions were negative. Roent- 
genograms showed considerable cardiac enlargement, to both left and 
right, with the left ventricle prominent downward and to the left. In 
each costophrenic angle there was a small amount of fluid. The lungs 
were slightly congested. The electrocardiograms showed auricular fibril- 
lation and left axis deviation. 

On digitalization, fluid restriction, and diuresis with theocin, the 
patient improved. However, on the twenty-third hospital day the tem- 
perature, which had shown an occasional fluctuation up to 100° F., 
began to rise, and varied for the last five days between 102° F. and 
104° F. The pulse rate slowly rose to 110 to 120 per minute, witli a 
slight deficit. During this time, the respirations varied between 25 
and 40 per minute. The leucocyte count rose to 20,000 per cubic 
millimeter. There were no changes in the pulmonary or cardiac signs. 
Gradually lie became weaker, lapsed into coma, and died on the thir- 
tieth hospital day. 

Necropsy . — Anatomic Diagnoses: Rupture of chorda tendinea of 
mitral valve, old ; fibrosis and calcification of mitral valve ; cardiac 
hypertrophy and dilatation; pulmonary thrombosis, recent, bilateral; 
infarction of liver and kidney; chronic passive congestion of liver; 
arteriosclerosis, generalized; chronic cholecystitis; cholelithiasis. 

The heart weighed 560 grams. On examining the mitral valve from 
above, the posterior cusp was found to balloon up tow r ard the atrium. 
Both cusps w^ere slightly but diffusely thickened, and there were a 
few calcified nodules at the base of the posterior cusp. The orifice, 
however, admitted three fingers readily. Further inspection from 
below, showed that one of the chordae tendineae of the posterior cusp 
was ruptured. The portion attached to the cusp urns shortened and 
thickened. The site of attachment to the papillary muscle w r as rep- 
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resented by a small fibrotic area without evidence of recent reaction. 
In addition, there was a fibrous cord between the inferior surface of 
the posterior cusp and the ruptured chorda tendinea. The unruptured 
chordae tendineae were thickened and somewhat lengthened. There 
was slight dilatation of the tricuspid valve, but the cusps were normal. 
The pulmonic and aortic valves were not remarkable. 

All chambers of the heart were dilated. The left ventricular myo- 
cardium measured 2 to 2.5 cm., in thickness, the light, 0.3 to 0.4 centi- 
meters. It was deep pinkish-brown in color and flabby in consistency. 
There was moderate coronary sclerosis without occlusion of any of 
the arteries. The pericardial sac was normal. 

Microscopic Examination . — There were small areas of scarring in * 
the myocardium about medium-sized arteries. Some edema and fatty 
infiltration of the myocardium were also present. No Aschoff nodules 
or regions of infarction were present. There was considerable atheroma 
of a large coronary artery. The cpicardium and endocardium were not 
remarkable. The mitral valve and chordae tendineae were not sectioned. 

Case 7 . — A 78-year-old white man was admitted to the hospital July 
10, 1930. He had had frequent nosebleeds as a boy, and one attack of 
tonsillitis many yea is before. In 1921, lie underwent prostatectomy for 
hyperplasia of the prostate. At that time a systolic murmur was heard 
over the precordium. The blood pressure measured 130/85. He was 
again admitted, in 1929, for treatment of a duodenal ulcer which had 
been diagnosed roentgenologically. In the preceding years he had four 
attacks of hematemesis following epigastric pain. Examination at that 
time showed a harsh, loud, systolic murmur over the whole anterior part 
of the chest, transmitted halfway down to the umbilicus. The apex 
impulse was not seen or fell. The blood pressure measured 110/7(5. 
After discharge, he did well until about ten weeks before admission, 
when he began to experience considerable dyspnea on exertion, was 
forced to sleep propped up in bed, and developed a productive cough. 
Eight weeks before admission be began to sleep sitting up in a chair, and 
developed edema of the ankles which extended up the legs, at times 
even involving the lower part of the thighs. The attacks of dizziness 
apd palpitation which he had had for years became more severe. Occa- 
sionally the patient experienced some pain in the chest. 

Physical examination showed a fairly well-preserved, but confused, 
elderly white man in considerable respiratory distress. There were a 
malar flush and moderate cyanosis of the face, lips, tongue, and nail 
beds. The arteries of the fundus oeuli showed slight arteriovenous nick- 
ing and diminution in caliber. There were considerable tortuosity and 
thickening of the peripheral vessels. A diffuse apex impulse was visible 
and palpable 11 cm. to the left of the midstemal line in the fifth inter- 
costal space. There was a systolic thrill at the apex and in the third 
and fourth intercostal spaces. The heart sounds were of fair quality, 
f lic rhythm was normal. A loud, high-pitched, rather harsh, systolic 
murmur was heard all over the precordium, but loudest at the apex. No 
diastolic murmur was. heard. The blood pressure measured 140/109. 
Alois! and crackling rales were present at the bases of both lungs pos- 
teriorly up to the inferior angles of the scapulae. The liver and spleen 
were not palpable. 1 here was considerable edema of the lower thirds of 
both legs. 

The blood Wasscrmann and Ilinton reactions were negative. The 
electrocardiograms showed left axis deviation. 
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While in the hospital the patient was restless and disoriented. The 
pulse rate rose steadily to 120 per minute. There, was Che.yn e-Stokes 
breathing, with periods of apnea lasting up to forty seconds. Incon- 
tinence of urine and feces developed, and,' during the last two days, 
dark-red blood was passed by rectum. Death occurred on the eighth 
hospital day. 

Necropsy— Anatomic Diagnoses: Gastric ulcers, multiple; hemor- 
rhage into gastrointestinal tract; bronehopneumQnia; fibrinous pleuritis, 
right; anomaly of mitral valve; rupture of chordae tendineae of mitral 
valve; arteriosclerosis, generalized; chronic passive congestion of liver. 

The heart weighed 450 grams. When the atrial surface of the mitral 
valve was inspected, the posterior cusp was found to bulge upward into 
the. atrium. The orifice admitted three fingers. Both cusps were thick- 
ened and fibrosed, but not calcified. Inspection from below showed that 
all the chordae tendineae were shortened and thickened. Those of the 
anterior cusp were attached by a meshwork of fibers, not only along the 
margins of the cusp, but also for 2 cm. toward the annulus fibrosus. 
None was ruptured. The chordae tendineae of the posterior cusp were 
inserted by a similar network of interlacing fibers over the entire under- 
surface of the cusp. From this network the usual number of thick 
chordae tendineae extended to the papillary muscles. Three of the 
chordae tendineae of the posterior cusp were ruptured. The stumps of 
two of these were found on the papillary muscles. The papillary mus- 
cles were markedly hypertrophied. The only abnormality of the aortic 
valve was slight thickening and calcification of its free margins. The 
tricuspid valve was somewhat dilated; the pulmonic valve was normal. 

There was dilatation of all the chambers of the heart, but predomi- 
nantly of the left ventricle. The coronary arteries were tortuous, but 
showed minimal arteriosclerosis. The left ventricular myocardium 
measured 1.6 cm. in thickness, the right, 0.3 to 0.4 centimeters. It was 
pinkish-brown; no areas of scarring were found. The pericardium was 
not remarkable. 

Microscopic Examination . — There were a few small areas of scarring 
about thickened arterioles of the myocardium, and a small amount of 
fat tissue was seen between some of the bundles. Elsewhere, the myo- 
cardial fibers were somewhat larger than normal, but otherwise were 
well preserved. The epicardium was not remarkable. The mitral valve 
and ruptured chordae tendineae were not sectioned. 

DISCUSSION 

Each of the seven patients discussed in this paper presented evidence 
of rupture of the mitral chordae tendineae. None had acute or subacute 
bacterial endocarditis. In each case disease of the valve and its chordae 
tendineae appeared to antedate the rupture. 

The chordae tendineae of the left ventricle arise from two groups of 
papillary muscles, the medial, or posterior, and lateral, or anterior, and 
insert, respectively, in the posterior and anterior halves of the mitral 
valve cusps. They serve the function of checking the cusps during 
ventricular systole so that the valve closes efficiently under normal cir- 
cumstances. Their rupture allows the affected portion of the cusp to 
balloon up into the atrium, leaving a gap through which blood regurgi- 
tates during systole. 
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It is difficult to state with assurance in most instances what was the 
nature of the disease of the mitral valve and its chordae tendineae 
antedating the rapture. In some, rheumatic fever was the antecedent 
disease. There was a history suggestive of rheumatic fever in Cases 4 
and 7. At necropsy, the lesions in Cases 4 and 5 wore those of rheumatic 
heart disease with involvement of the mitral valve and its chordae 
tendineae. In the other cases there was fibrosis of the mitral valve 
without stenosis. The chordae tendineae were thickened as the result 
of increase in connective tissue; this connective tissue occasionally 
showed degeneration, and, in Cases 3 and 4, calcium deposits. No sec- 
tions of chordae tendineae were taken in Cases 5, 6, and 7. These lesions 
more nearly resembled quiescent rheumatic disease than any other type 
of involvement of these structures. However, there were no path- 
ognomonic indications of rheumatic fever. The cause in these cases 
mast, therefore, remain unknown. It is difficult to ascertain whether 
the curious anomaly of the mitral valve in Case 7 represented a con- 
genital aberration or the organization of thrombi formed at the time 
of rupture of the chordae tendineae. 

There was no difference in. frequency of rupture of the chordae ten- 
dineae to either of the cusps in this series. In three cases (Cases 2, 3, 
and 5), the ruptured chordae tendineae were attached to the anterior 
cusp; in three (Cases 1, 6, and 7), to the posterior cusp; and in Case 4, 
one chorda tendinea of each cusp was ruptured. The point of rapture 
was nearer the papillary muscle than the free margin of the valve. In 
fact, the free ends attached to the valve were easily seen when the heart 
was opened, and were several millimeters in length, whereas prolonged 
search usually had to be made for the small nodules representing the 
ends attached to the papillary muscles. The number of ruptured 
chordae tendineae varied from one (Case 6) to very many (Case 3). 
In all instances except Case 6, more than one chorda tendinea was 
ruptured. 

It has often been suggested that accidental cutting of chordae 
tendineae in ojjening the heart at necropsy has been confused with 
ante-mortem rapture by the pathologist. Especial care was taken in 
each of these eases to avoid this error. The ballooning of the cusp to 
which the raptured chordae tendineae were attached was noted, and, in 
several instances, the free ends of the chordae tendineae were seen in 
the valve orifice before the ventricles ■were opened (Fig. 3). Further- 
more, the bulbous enlargements of the ends of the ruptured chordae 
tendineae attached to the valves and the character of the portions on 
the papillary muscles leave no doubt as to the ante-mortem nature of 
the process. This was also verified by histologic examination in four 
eases; in the other three the hearts were preserved as gross specimens 
without microscopic study. 

The stumps of the ruptured chordae tendineae were composed of mats 
of hyalinized and partially degenerated connective tissue, with a cover- 
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ing of endothelium (Figs. 2 and 6). The process of scarring extended 
for some distance into the subjacent myocardium, and calcification 
was occasionally found there. In Case 3 we regard the gross and micro- 
scopic appearances as indicating that chordae tendineae ruptured at two 
periods, separated by a long interval. This provided material for study 
of the tissue sequences consequent to rupture. At the time of rupture, 
thrombi form over the severed ends and there may be small hemor- 
rhages in the surrounding tissues. As these become organized, the sur- 
faces exposed to the blood stream are endot.helialized. The calcification 
may have taken place in degenerated connective tissue, but it is also 
possible that it may have been deposited in areas of hemorrhage. 

The papillary muscles to which the ruptured chordae tendineae had 
formerly been attached were atrophied in some instances and hyper- 
trophied in others. If all the chordae tendineae attached to one of the 
cusps were ruptured (as in Case 3), the corresponding papillary muscle 
underwent atrophy. Under these circumstances there could be no ten- 
sion on the papillary muscle at any period of the cardiac cycle, and the 
muscular tissue therefore became atrophied through disuse. On the 
other hand, the rupture of one or a few chordae tendineae led to hyper- 
trophy of the papillary muscle if the rest of the chordae tendineae 
attached to that structure remained intact, because of the increased 
work imposed by the mitral regurgitation (Cases 4, 5, and 7). A con- 
firmation of this interpretation was found in Case 2. Eight chordae 
tendineae attached to one portion of the anterior cusp were ruptured, 
but the rest of the chordae tendineae of this cusp were intact. The 
portion of the papillary muscle to which the 8 ruptured chordae ten- 
dineae had been attached had undergone atrophy, whereas the part with 
intact chordae tendineae showed very marked hypertrophy (Fig. 3). 
The fact that there were striking changes in the papillary muscle is a 
further indication that the rupture had taken place a considerable time 
before death. 

The weight of the heart was increased in all patients. It varied from 
420 grains to 860 grams, with an average of 580 grams. Since there 
were other severe cardiac lesions in some of the cases, this hypertrophy 
cannot be attributed to rupture of the chordae tendineae entirely. How- 
ever, in the case of the patient with the largest heart (Case 3), the 
lesions other than rupture of chordae tendineae were minor. It appears, 
therefore, that rupture of chordae tendineae of the mitral valve, with 
the consequent mitral regurgitation, leads uniformly to a considerable 
degree of cardiac hypertrophy regardless of what other lesions may 
be present. 

In all cases in this series, the heart as a whole was dilated. The rela- 
. tive degree of dilatation of the chambers varied from patient to patient. 
It is worth noting, in passing, that in Cases 5 and 6, there was rather 
marked dilatation of the tricuspid valve, and that the measurements of 
the tricuspid valve were, at the upper limits of normal in the other cases. 
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In view of the pathologic changes which have just been discussed, 
it is possible to re-evaluate the relation of chest trauma and of 
violent exertion to rupture of the mitral chordae tendineae. It is 
clear that chordae which are on the verge of rupture might well 
break under such circumstances, just as, presumably, normal chordae 
break as the result of severe external violence. However, most of the 
patients in this series gave no such history. It therefore appears that 
exertion and trauma are not of primary causative importance in the 
rupture of diseased mitral chordae tendineae, but may occasionally 
delennine the moment at which the break occurs. 

The symptoms which appear after rupture of the mitral chordae 
are not specific for this condition. They are those of congestive 
heart failure, which may be abrupt or insidious in onset and progres- 
sive or remittent in its course. The history, however, is of the first 
importance if it can furnish satisfactory evidence that the typical 
murmur made a sudden appearance. Tin's will usually consist of a 
reliable statement by a previous examiner that no murmurs were 
present at some time in the months or years immediately preceding 
the development- of symptoms. 

All seven patients had a loud, usually harsh or coarse, precordial 
systolic mimnur, maximal in the region of the apex and left sternal 
border. In six cases this was accompanied by a thrill, also maximal 
in Ihftt area, or palpable only there. Three patients showed some 
variation in the intensity of the murmur, including the two who 
were under observation for the longest period. In these two the 
thrill was not present at all times. Two patients also had low-pitched 
apical diastolic murmurs. In one instance, Case 4, in which the 
murmur was accompanied by a diastolic thrill, there was a well- 
marked, firm thickening of the mitral cusps which might have ac- 
counted for the diastolic murmur. In the other, Case 2, the murmur 
was faint and irregularly heard. Here the cusps were moderately 
thickened, but there was no stenosis. The degree of fibrosis of the 
valve was approximately the same as in Cases 1, 3, 6, and 7, b> 
which no diastolic murmurs could be heard. However, in Case 2, 
there wax the unusually large number of eight ruptured chordae 
attached to the anterior eusp. It is possible that freely movable 
chordae on the valve cusps may, in some instances, contribute to the 
production of a diastolic murmur. Diastolic murmurs have been re- 
ported in four eases of rupture of a papillary muscle without dis- 
,ease of. the mitral valve itself. 3 ' 0 In two instances of rupture of a 
papillary muscle-* ' in which adequate observations appear to have 
been made, no murmur was heard. It is conceivable that ruplnre of 
chordae tendineae might also fail to produce a murmur. 

The heart was examined roentgenologically in four eases. In Cases 
1 and 2, in neither of which was there a significant mitral stenosis 
at autopsy, moderate dilatation of the left atrium was observed roent- 
genologieally. The left atrium in Case 1 exhibited a systolic puLsa- 
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tiou. Dr. M. 0. Sosman, in a personal communication, has noted this 
iii two other patients who are still living. He feels that the sign is 
strongly suggestive of rupture of the mitral chordae tendineae. If 
further study confirms this, the observation will be of great assistance 
in the diagnosis of the condition. It is actuall.y a sign of very brisk 
mitral regurgitation. 

Electrocardiograms were taken in all instances. Five patients, 
including two with hypertension, presented left axis deviation. Three 
patients had auricular fibrillation, which in one instance developed 
during the hospital course. 

An estimate of the interval between rupture of the chordae and 
the onset of clinically evident congestive heart failure is extremely 
difficult, but the evidence suggests that this interval may last a. num- 
ber of months and possibly even years. In the only instance (Case 1) 
in which rupture of the chordae could be dated definitely by the 
appearance of a murmur, nine months elapsed before the patient 
experienced outspoken symptoms of congestive failure, in spite of 
marked hypertension for at least the preceding ten years. In Case 
6 the patient had been told he had a heart murmur eight years before 
his death, and for two years had had some dyspnea on exertion. 
In Case 7, the patient had a loud precordial systolic murmur six 
years before liis final admission to the hospital. However, an 
anomalous insertion of chordae on the valve, rather than rupture of 
the chordae, may have accounted for the murmur during part of this 
time. In Case 2, the patient had had exertional dyspnea for three 
years before his hospital admission, and the autopsy observations in- 
dicated that rupture of the chordae tendineae had antedated by some 
time the appearance of definite and progressive congestive failure. 
It is, however, doubtful that it took place as long as sixteen years 
before, during his struggle in quicksand. The post-mortem examina- 
tion in Case 3 showed that chordae had ruptured on at least two 

separate occasions, one shortly before death. The patient was known 

*■ 

to have had a loud murmur at least six months before death, at a 
time when he was having only relatively mild symptoms. There is 
no satisfactory evidence to date the time of rupture in Cases 4 and 
5. In no instance was it clear that rupture of the chordae produced 
any significant immediate symptoms. This was also the experience 
of Frew, 1 who reported rupture of the chordae in a child of eight 
years, and of von Albertini, 9 who described the case of a 63-year-old man 
whose rupture was evidently the result of violent chest trauma. 
Frothingham and Hass 2 dated the accident in their case from an 
attack of paroxysmal nocturnal dyspnea which was followed by pro- 
gressive congestive failure lasting until death, eight months after the 
attack. It is, however, not at all uncommon for patients with long- 
standing valvular disease to develop sudden congestive failure from 
which they never recover. 
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The diagnosis of rapture of the chordae tendineae of the mitral 
valve should be entertained particularly in the case of a middle-aged 
or elderly person who has suddenly developed, without dramatic 
incident, a loud preeordial systolic murmur, maximal at the apex and 
left sternal border, where it is usually accompanied by a thrill. An 
apical diastolic murmur may also be present. Congestive failure is 
not likely to make its appearance for months or even years after the 
onset of the murmur. Auricular fibrillation sometimes occurs. Roent- 
genograms may show enlargement, and even a systolic pulsation, of 
the left atrium. 

The differential diagnosis includes bacterial endocarditis, rapture 
of other valves, rapture of a papillary muscle, and spontaneous per- 
foration of an infareted interventricular septum. 

Bizarre murmurs sometimes occur during the course of bacterial 
endocarditis. As already slated, chordae may be ruptured as the 
result of an ulcerative process. The demonstration of organisms in 
the blood stream is, of course, usually possible. 

Any valve may be raptured by severe external violence. 10 ’ 11 
Spontaneous rupture or retroversion of a syphilitic aortic valve cusp 
may produce loud diastolic murmurs and thrills. 12 The location and 
character of the murmur, the evidences of free aortic regurgitation, 
and positive serologic reactions should easily differentiate this condi- 
tion. 

Quite a different course usually attends the spontaneous rapture of 
a papillary muscle fi’om that which follows rapture of the mitral 
chordae tendineae. Rupture of a papillary muscle is likely to pre- 
cipitate an immediate cardiac catastrophe. Twenty-five instances of 
this accident have been described in all, but only the seventeen re- 
ported since 1909 are suitable for analysis. Of these patients, 3 ’ *• 7,13 ' IS 
ten apparently died within twenty-four hours and six 5 ’ 1C ’ 1U ' 22 within 
fifteen days. One lived for ten months/' Rupture of the muscle is 
usually marked by acute pulmonary edema and peripheral circulatory 
collapse, even syncope. This results from the circumstances under 
which the accident occurs. Spontaneous rapture of a papillary 
muscle is almost always occasioned by an acute myocardial infarct 
which has involved fhe particular muscle. The myocardial reserve is 
therefore slight, and the free mitral regurgitation caused by papillary 
rupture is an additional cardiac burden which is usually sufficient 
to produce severe and rapid heart failure. 

Both rupture of a papillary muscle and perforation of the inter- 
ventricular septum may give rise to cardiac signs similar to those 
produced by rupture ol the chordae tendineae. There has been great 
variation in the murmurs reported in instances of rupture of a 
papillary muscle. In twelve reported eases in which an examination 
of the heart was recorded, there have been four instances with sys- 
tolic murmurs/' 1 ’ 2 '" Z2 usually loud and maximal at the apex; one 
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with can apical diastolic murmur; 5 three with systolic and diastolic 
murmurs ; 8, 5 * 6 two in which no murmur could be heard; 7 ’ 8 and two 
in which a murmur was heard, but not timed. 4 ’ 15 Sager 23 has de- 
scribed the signs of perforation of the interventricular septum, as a 
precordial systolic murmur and thrill, usually maximal over the 
fourth and fifth intercostal spaces along the left sternal • border, or 
over the lower part of the sternum. Later observers have been in 
agreement with this. Both accidents are almost always preceded by 
acute myocardial infarction. The history and clinical and Labora- 
tory observations which are characteristic of infarction should in 
most instances serve to differentiate these conditions from that pro- 
duced by rupture of the chordae tendineae. 

Rupture of the mitral chordae tendineae thus occurs occasionally 
in the absence of bacterial endocarditis. The condition can be diag- 
nosed during life with a fair degree of accuracy. Since there is a 
certain similarity in the progress of the disease, a correct diagnosis 
should make possible a more accurate prognosis. 


SUMMARY 

The histories and pathologic observations in seven cases of rupture 
of the mitral chordae tendineae are reviewed. Patients with bac- 
terial endocarditis were excluded from the series. All showed fibro- 
sis and chronic injury of the mitral valve. In two, the lesions were 
those of rheumatic heart disease; in the remainder, the changes sug- 
gested quiescent rheumatic disease, but were not pathognomonic. 

The chordae of the two valve cusps were ruptured with equal fre- 
quency in tins series, and usually more than one was broken. The 
point of rupture lay close to the papillary muscle. The stumps con- 
sisted of hyalinized and partially degenerated connective tissue, with 
a covering of endothelium. Scarring extended into the subjacent 
myocardium. The corresponding papillary muscles underwent atrophy 
if all their chordae were broken, but showed hypertrophy if a number 
were left attached. It was clear from inspection that rupture of the 
chordae must have allowed a liigh degree of mitral regurgitation. 
All hearts were dilated and hypertrophied, with an average weight 
of 580 grams. The histories of the patients did not indicate that 
external violence or vigorous exertion were etiologic factors of pri- 
mary importance in rupture of the mitral chordae tendineae. 

The symptoms after rupture of the mitral chordae tendineae are 
those of congestive heart failure, which may be insidious or abrupt 
in its onset and progressive or remittent in its course. Months or 
even years may elapse between rupture and the onset of frank con- 
gestive failure. 

Rupture of the chordae is sugg'ested by the sudden appearance 
of a loud precordial systolic murmur, maximal at the apex and left 
sternal border, where it is usually accompanied by a thrill. An apical 
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diastolic murmur may also be present. Auricular fibrillation some- 
times occurs. Roentgenograms show cardiac enlargement, and fluoro- 
scopic examination may demonstrate systolic pulsation of the left 
atrium. 

The differential diagnosis includes bacterial endocarditis, rupture 
of a valve cusp, rupture of a papillary muscle, and perforation of 
an infarcted interventricular septum. 

The authors -wish to express their indebtedness to Dr. Eugene A. Stead, .Tr., for 
Iiis assistance in the preparation of this report. 
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THE EFFECT ON THE BLOOD PRESSURE OF NORMAL 
PERSONS AND HYPERTENSIVE PATIENTS OF 
GLYCERYL TRINITRATE, SODIUM NITRITE, 
ERYTHROL TETRANITRATE, AND 
MANNITOL HEXANITRATE 

•John C. Weaver, M.D., J. H. Wills, Ph.D., and H. C. Hodge, Ph.D. 

Rochester, N. Y. 

O UR' knowledge of the relative action on blood pressure of nitro- 
glycerin, sodium nitrite, erythrol tetranitrate, and mannitol liexa- 
nitrate* is taken largely from reports which appeared prior to 1913. 1 " 6 
At present these drugs are widely used, and their efficacy and applica- 
bility deserve further study. In the experiments reported herewith, the 
four most commonly used “nitrite” drugs were administered in rotation 
to a number of patients, and the blood pressure effects observed. The 
results, in general, confirm the observations of the earlier workers. 


• METHOD 

Normal persons and hypertensive patients in the Strong Memorial 
Hospital and Rochester Municipal Hospital (see Table I for details con- 
cerning the patients) were given the four drugs in rotation. The pa- 
tients were led to believe that the blood pressure measurements were a 
part of their routine management. They were not removed from the 
divisions for the tests, and carried on slightly restricted but essentially 
normal activities. 

The blood pressure of each subject was recorded at intervals of one 
minute during the control period of thirty minutes or less. Then a drug 
was given, and measurements were made at one-minute or two-minute 
intervals until the drug action was complete and the blood pressure had 

Table I 


Data on .Patients 



NORMAL 

HYPERTENSIVE 

Number 

19 

19 ‘ 

Sex : Males 

10 

12 

Females 

9 

7 

Age : Range 

15-SI 

20-74 

Average 

35 

51 

Predrug pressure : 

Svstolic 

11 Sill 

3S4±2o 

Diastolic 

75±S 

104±18 


From the Department of Biochemistry and Pharmacology, School of Medicine and 
Dentistry, The University of Rochester, Rochester, New York. 

This work was supported in part by a grant from the R. J. Strasenburgh Co., and 
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‘Because of the chemical instability of mannitol bexanitrate, this compound was 
used in the form of Maxitate, a stabilized preparation furnished by the R. J. Strasen- 
burgh Company, which contains lactose and starch as diluents. 
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become normal. Rost periods were permitted for the longer acting 
drugs. Examples of the records are shown in Fig. 1 ; the upper record 
is of a hypertensive patient, and the lower record is of a normal sub- 
ject. Three observers made the blood pressure readings; each one used 
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Tlie doses of the four drugs and the routes of administration were as 
follows: nitroglycerin, 0.006 6m. sublingually and orally; sodium 
nitrite, 0.13 6m. .(sometimes 0.065 6m.) orally; erythrol tetra nitrate, 
0.016 6m. orally; and mannitol hexanitrate, 0.032 6m. orally. 

Amount of Fall in Blood Pressure . — Of the subjects who showed a 
well-sustained fall of blood pressure, not many had a very large de- 
crease. Fig. 2 pictures the lowering of systolic pressure produced by 
each of the drugs. Each solid bar represents the average fall in systolic 
blood pressure following the drug specified. There was almost never a 
gradual decline or return of the blood pressure. Occasionally, there 
.were isolated values 10 to 20 mm. lower than the general level of blood 
pressure during the period of drug effect. Such isolated occurrences 
should not be taken as an index of drug action. If relief of hyper- 
tension is to be of value, it should be sustained for sufficient time to 
relieve the myocardium of its burden. Therefore, average blood pres- 
sure for the period of drug effect was recorded throughout. 


G3N NaN0 2 E4N M6N 



Fig. 2. — Fall in blood pressure produced by the four drugs. G3N = glyceryl tri- 
nitrate ; NaNOs = sodium nitrite ; E4N = erythrol tetranitrate ; MGN = mannitol 
hexanitrate. Each solid bar represents the fali in blood pressure after the drug speci- 
fied. Note that the average blood pressure lowering is of the same order for each 
drug. 

From Fig. 2 it is seen that the greatest individual variation in the 
amount of blood pressure lowering occurred with nitroglycerin and 
sodium nitrite. Also, in isolated cases, the greatest actual amount of 
fall followed these two drugs. With erythrol tetranitrate and mannitol 
hexanitrate there was never a marked fall, but most of the subjects who 
responded gave fairly consistent responses. With each of the drugs 
the average fall in. blood pressure was about the same (Table II) ; the 
’ statistical analysis of the data is given in the footnote to Table II. In 
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general, a patient who responds to one. of these drugs will have an aver- 
age fall in blood pressure of 10 to 20 mm. of mercury. 

Time Required for Drug io Take Effect. — The average times before 
the onset of a fall in blood pressure after the administration of the 
drags are shown in Table II. The time of onset is fairly constant for 
nitroglycerin and sodium nitrite, but varies widely for erythrol tetra- 
nitrate and mannitol hexauitrate. This variation may be ascribed to 
the slow absorption of the latter two drugs. 

Duration of Blood Pressure Responses. — Table II also gives the aver- 
age duration of the period of blood pressure decrease after each of the 
drugs. The duration of fall after nitroglycerin was surprisingly con- 
stant. For the other three drugs the durations varied widely. In order 
of duration of effect, nitroglycerin < sodium nitrite < mannitol liexa- 
nitrate = erythrol tetranitrate. However, this is an inadequate state- 
ment; the nitroglycerin effect was limited to about fifteen minutes, the 
sodium nitrite effect lasted about an hour, and erythrol tetranitrate and 
mannitol liexanitrate maintained an effect for about four hours on the 
average (see Tables III and IV). 

Blood Pressure Stability and Lability. — The minute-by-minute fluctua- 
tion of blood pressure was surprising-. Often, without apparent cause, 
the blood pressure of some subjects (normals as well as hypertensives) 
would vary 10 to 20 mm. Ilg- and return to its previous level, all in the 
space of two readings at one-minute intervals. No apparent change in 
the subject would be seen, nor would the pulse rate change. In other 
instances the pressure would remain constant within 5 mm. throughout 
the period. In some cases a considerable elevation occurred while the 
subject was talking or laughing. No relation between this type of phe- 
nomenon and response to a drug could be ascertained. One patient 
with quite a labile blood pressure is worthy of note. She (A. F., Fig. 1) 
had readings taken at one-minute intervals that fluctuated between 
165/98 and 230/120, depending on whether she was quiet or talking and 
laughing. Her pulse rate varied between 76 and 92 per minute without 
concomitant changes in blood pressure. 

Pulse Pressure. — Many subjects had a lowering of systolic pressure 
without any change in the diastolic; however, not a single subject had 
a fall of diastolic pressure as great as that of the sj^stolic. When these 
drugs produced a fall of blood pressure, the effect was nearly always to 
reduce the pulse pressure. 

Pulse Rate. — The pulse rate was counted between every three or four 
blood pressure readings. There was seldom any increase in pulse rate 
accompanying a fall of systolic pressure or decrease in pulse pressure. 

Response to Drug. — Fig.- 3 shows the number of subjects studied and 
the percentage who showed a blood pressure response to each of the 
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drugs. With each drug a greater percentage of hypertensive patients 
exhibited a fall in blood pressure (except for erythrol tetranitrate) 
than of normal persons. 

Untoward Reactions . — Of 32 subjects who received single doses of 
nitroglycerin, 8 had pounding headache, 1 had a hot feeling in the head, 
and 1 had dizziness. Of 28 subjects who received sodium nitrite, 1 had 
occipital pounding and 1 had nausea followed by vomiting. Of 24 who 
received erythrol tetranitrate, 4 had pounding headache. Of 28 who 
received mannitol hexanitrate, none had side effects. The untoward 
reactions were about evenly divided between normal and hypertensive 
subjects. 

Of 15 patients who were given daily doses of mannitol hexanitrate in 
the clinic, 6 experienced such severe side effects that they were unable 
to continue taking the drug. Two others had effects that were mild and 
quickly disappeared during continuation of the regimes. The undesir- 
able drug effects were: full feeling in the bead, dizziness or headache, 
gastric discomfort without nausea or vomiting, abdominal cramp with 
nausea, mild diarrhea, and palpitation. Headache occurred in 4 cases, 
gastrointestinal symptoms in 4, palpitation in 2, and dizziness in one. 




DISCUSSION 

Reliability.— Tor a given patient, the results with any one of these 
drugs are unpredictable. Some patients have no response, some have a 
lowering for only a short period of time, some have such a small fall in 
pressure that the drug seemingly will he worthless as an agent for 
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diminishing lypertension. There are a few ideal subjects. These have 
a good response that is sustained at a markedly lower level for a fairly 
long period. If a patient responds to one of these drugs, it does not. 
mean that he will respond to any or all of the others. The only way in 
which the value of one of these drugs for a given patient can be judged 
is for that patient to take the drug’, with several measurements of blood 
pressure after the administration of the drug at appropriate intervals. 

The results witli nitroglycerin were most reliable. We feel that this 
is because of its more rapid action, which is probably due to quicker 
and more constant absorption. Sodium nitrite was intermediate. 
Brvthrol tetranitrate and mannitol hexanitrate were about equal; 
mannitol hexanitrate seemed to start its action a little later than 
erythrol tetranitrate, but the duration of maintained lowering was about 
the same for both. However, after mannitol hexanitrate, a larger per- 
centage of subjects had a fall in blood pressure and there were fewer 
disagreeable side effects. 

Symptomatic Belief . — In a group of 8 hypertensives who were fol- 
lowed for several months during treatment in the clinic with mannitol 
hexanitrate a fall in blood pressure could not be demonstrated. The im- 
portant observation in this group was the relief of symptoms. This was 
often striking. In a control group of 11 patients, such definite symp- 
tomatic relief was not seen. Although the series is small, we feel that 
there is sufficient evidence to indicate the trial of this drug for long- 
standing hypertensives. If it relieves their symptoms, it is a worth-while 
therapeutic adjunct. 8 ’ 9 


SUMMARY 

1. Nitroglycerin, sodium nitrite, erythrol tetranitrate, mannitol hexa- 
nitrate, and a placebo were given to normal and hypertensive subjects, 
and blood pressure measurements were made at brief intervals until the 
effect of the drug was over. Each of the thirty-eight su b j e cts . received 
one or more of these substances, and most received all four “nitrite” 
drugs. 

2. Of the subjects wdio •were given these drugs, 51 per cent had a fall 
of systolic pressure, and 23 per cent had a lowering of diastolic pressure. 
The systolic fall was almost always greater than the diastolic. None had 
a fall in blood pressure after the administration of a placebo. 

3. The amount of the fall in blood pressure in hypertensive patients 
varied greatly, but the averages were as follows: nitroglycerin, 16/4 
mm. Hg, sodium nitrite, 21/1 mm., erythrol tetranitrate, 14/5 mm., and 
mannitol hexanitrate, 12/4 mm. In normal subjects, the average fall in 
blood pressure was as much as 10 mm. less than the corresponding figure 
for hypertensives. 

4. The period between the administration of the drug and the begin- 
ning of the fall in blood pressure was variable. For nitroglycerin this 
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interval averaged 2 minutes; i'or sodium nitrite, 7 minutes; for erythrol 
tetranitrate, 35 minutes; and for mannitol hexanitrate, 55 minutes after 
the drag was given. 

5. The average duration of blood pressure lowering was as follows: 
nitroglycerin, 20 minutes; sodium nitrite, 62 minutes; erythrol tetra- 
nitrate and mannitol hexanitrate, about the same, 256 and 252 minutes, 
respectively. With the last two drugs there was wide variation in the 
duration. 
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CONGESTIVE HEART FAILURE AND ELECTROCARDIO- 
GRAPHIC ABNORMALITIES RESULTING FROM 
EXCESSIVE DESOXYCORTICOSTERONE 
. ACETATE THERAPY IN THE TREAT- 
MENT OF ADDISON’S DISEASE 


.James H. Currens, M.D., and Paul D. White, M.D. 

Boston, Mass. 

T HE phenomenon of fluid and salt retention resulting from the 
treatment of Addison’s disease with desoxycortieosterone acetate has 
been described by many observers. 1 ' 8 In fact, it has been noted that the 
patient may succumb in the course of a few days as a result of the ex- 
cessive accumulation of fluid when an excess of desoxycortieosterone 
acetate is given. The complimentary effect of sodium and desoxycor- 
ticosterone acetate has been stressed, and the hazards of giving large 
doses of desoxycortieosterone acetate or desoxycortieosterone acetate 
and sodium chloride are therefore self evident. 

In recent months, we have had two patients who developed con- 
gestive heart failure as the result of taking excessive amounts of 
desoxycortieosterone acetate and salt. The changes in the electro- 
cardiograms were quite striking, and, as will be pointed out later, a good 
deal of information was gained from a comparison of the serial changes. 
Although, as stated above, numerous observers have described the 
hazards of giving too much desoxycortieosterone acetate in Addison’s 
disease, the striking effect upon the electrocardiogram has not been ade- 
quately emphasized. 

REPORT OF CASES 

Case 1. — A 45-year-old housewife entered the hospital Aug. 28, 1939, 
complaining of weakness of two years’ duration. In December, 1937, 
her blood pressure had been found to vary from 150/104 to 160/110. 
She had lost 18 pounds in weight during the year before entry. Physical 
examination revealed a rather nervous woman with moderate, dusky- 
brown pigmentation of the skin of the forearms, hands, and neck. The 
heart was normal and the blood pressure was 90/65. On Aug. 31, 1939, 
the blood sodium was 141 meq./L. However, on a salt-deprivation, 
high-potassium test (Cutler-Power-Wilder test), the blood sodium fell 
to 128 meq./L. and blood chlorides to 85 meq./L. on the second 
day of the test. She was discharged on a high salt intake. 

In May, 1940, because of irregular menses, she received a sterilization 
dose of x-ray to the pelvis. She returned to the hospital October 30, 
complaining of considerable weakness and abdominal pain lasting 
twenty-four hours. Her blood pressure (recumbent) was 82/60. She 
was given desoxycortieosterone acetate, 10 mg. intramuscularly, daily 
for seven days, after which she received four pellet implantations total- 

• 'Received for publication Nov. 6, 1943. 
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ing 508 milligrams. No extra salt was given. On Nov. 15, 1940, the 
blood sodium was 142 meq./L., and the potassium, 3.5 meq./L. The 
patient returned to the hospital March 1, 1941, complaining o i weakness 
for six weeks; at this' time her blood pressure was 90/50, and her weight 
was 91 pounds. Two more pellets were implanted, totaling 250 milli- 
grams. 
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1 he patient s health was quite good, and her strength was adequate 
until she returned in May, 1942, with recurrence of the weakness for a 
period ol one month. The blood pressure was 310/75, and the blood 
sodium was 140 meq./L., however. The electrocardiogram at that time 
is shown m rig 1, vl. l*ive pellets were tlien implanted, totaling C34 
-milligrams. On a I ay 17, she noted some edema of the face and legs, 
and, on May 25, her blood pressure was 160/86, and her blood sodium, 
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150 meq./L. The 3 Gm. of extra salt in her diet were discontinued. 
By July 22, the weight increased to 119 pounds, and her blood pres- 
sure was 126/92. The urine showed 2 plus albumin. She was readmit- 
led to the hospital at this time because of abdominal swelling of two 
weeks’ duration. There was some swelling of the face, shifting dullness 
was demonstrated in the abdomen, and the blood pressure was 128/104. 
No edema of the ankles was noted. Blood chemical studies revealed 
the following: nonprotein nitrogen, 33 mg. per cent; chloride, 111 meq., 
sodium, 346 meq., and potassium, 4 meq./L. A roentgenogram of the 
chest revealed an enlarged heart (transverse diameter, 12.9 cm., as com- 
pared to 10 cin. several months before). 

On August 1, two of the five previously implanted pellets were re- 
moved. The electrocardiogram on August 15 is shown in Fig. 1,-2?. 
Three injections of 0.5 e.c. of mercupurin were without striking effect. 
On August 21, the three remaining pellets of desoxycortieosterone 
acetate were removed, and she was given 35 c.c. of cortical extract daily. 
The following day the venous pressure was 28 cm. of water, and the 
arm-to-skin circulation time was 21 seconds. A bedside roentgpnogram 
of the chest was made on August 24, and is illustrated in Fig. 2, A. 
A diastolic gallop rhythm was noted at the apex of the heart. Edema over 
the sacrum was prominent, and the patient was orthopneic. On August 
29, 1 c.c. of mercupurin was given, and the urinary output was 1,500 c.c. 
during the subsequent twenty-four hours. The blood pressure averaged 
about 130/90, and the weight remained at 118 pounds. Digitalis was 
then started, on September 4, in a dose of 0.13 Gm. each day, and within 
eight days the patient lost twenty pounds in weight, the gallop rhythm 
disappeared, and the heart decreased in size. The digitalis was then de- 
creased to 0.065 Gm. every day, and the patient’s condition improved 
rapidly. On September 25, the venous pressure was 11 cm. of water 
and the arm-to-skin circulation time was 19 seconds. On October 5, the 
electrocardiogram had shown striking improvement. The patient was 
discharged on October 26, at which time the digitalis was discontinued 
and she was receiving 1 mg. of desoxycortieosterone acetate daily, with- 
out extra salt. The weight fluctuated from 96 to 102 pounds, and the 
blood pressure varied from 160/120 to 120/80. The patient felt better 
Ilian she had for many months. No signs of congestive heart failure 
or edema remained, and no digitalis was necessary. Another roent- 
genogram of the chest (Fig. 2, B) revealed remarkable improvement. 
On November 10, the electrocardiogram was normal. She has continued 
to do well, receiving daily injections of 1 mg. of desoxycortieosterone 
acetate. The electrocardiogram taken in July, 1943, was essentially the 
same as that of November, 1942. 

Comment. I he clinical diagnosis of Addison’s disease was clear-cut 
in this patient, who had been observed to have hypertension previously. 
In retrospect, there is little doubt that the weakness which developed in 
.Ma% , 1942, was not due to adrenal insufficiency. The blood sodium was 
normal, the blood pressure was normal, and the electrocardiogram sug- 
gested, if anything, an excessive absorption of desoxycortieosterone ace- 
tate. The subsequent course, with the appearance of definite signs of 
congest Be heart failure after the implantation of more desoxycorti- 
costerone acetate, was dramatic, and the low voltage of the QRS and T 
waves of the electrocardiogram was equally noteworthy. After the 
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removal of the subcutaneous pellets, the response to relatively small 
doses of digitalis was equally dramatic, and the electrocardiogram re- 
turned to normal. It should be noted, however, that the desoxycorticos- 
terone acetate pellets had been removed, and that the patient might 
have had a spontaneous diuresis without the aid of digitalis. 

Case 2. — An 18-year-old girl entered the hospital Aug. 11, 1942, com- 
plaining of recurrent attacks of abdominal pain, with nausea, vomiting, 
and weakness, of twelve months’ duration. In January, 1942, appendec- 
tomy was done because of one of the attacks of abdominal pain, and it 
was said that . the patient collapsed during the operation. There had 
been no menses for four months before entry. 



8-30'JZ 9-ZM& J&2441 


Fig. 3 . — Serial Electrocardiograms in Case 2. The first electrocardiogram, Aug. 
30, 1942, shows the effect of excessive doses of desoxycorticosterone acetate which 
was still present on Sept 21, 1942. The T waves in Leads I and IV were inverted, 
and the Q-T interval had increased to 0.40 second, although the heart rate at this 
time was 60. The low voltage of the QRS, and very low, isoelectric, or slightly in- 
verted T waves should be noted. By Nov. 24, 1942, the electrocardiogram had im- 
proved remarkably, as had the patient. On May 17, 1943, the T wave in Lead IV had 
become positive (0.5 mm.), and the limb leads were essentially the same. 


Physical examination revealed a restless, nervous girl with evidence 
of recent weight loss. There was characteristic pigmentation of the lips, 
hard palate, and abdominal scar. The heart was normal and the blood 
pressure was 70/40 (recumbent). Blood chemical examination revealed: 
sodium, 128 meq./L. sugar, 61 mg. per cent, and nonprotein nitrogen, 90 
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mg. per cent. On August 14, the patient received 10 c.e. of cortical 
extract and 20 mg. of desoxyeortieosterone acetate. During the subse- 
quent four days she received 125 e.e. of cortical extract, 105 mg. of 
desoxyeortieosterone acetate, and 59 Gm. of salt. On August 19, some 
edema of the eyelids was noted, the blood pressure was 90/60, the chest 
roentgenogram revealed increased density of the lower lung fields which 
was consistent with pulmonary edema, and chemical examination of the 
blood revealed a chloride of 112 meq./L., a nonprotein nitrogen of 35 mg. 
per cent, and sugar of 145 mg. per cent. Desoxyeortieosterone was 
then discontinued, and the patient received cortical extract in a dose 
of 15 c.c. daily. The signs in the chest decreased until August 28, when 
the patient received 7.5 mg. of desoxyeortieosterone, after which she 
gained 5 pounds, the signs of pulmonary congestion returned, and the 
electrocardiogram (on August 30) was as shown in Fig. 3, A. 

Desoxyeortieosterone acetate was again discontinued, except for a 
mistaken dose of 20 mg. on September 2, and the patient was maintained 
on 15 e.e, of cortical extract without extra salt. Her condition changed 
little. There was some dependent edema, and, on September 9, the 
heart was found to be enlarged roentgenologicallv (an increase in the 
transverse diameter of 4.5 cm., i.e., from 8.9 to 13.4 cm., with poor pulsa- 
tion fluoroseopieally). The two roentgenograms are shown in Fig. 4. 
The same day the venous pressure was 15 cm. water, the intensity of 
the pulmonary second sound was moderately increased, and there was 
gallop rhythm at the apex. Digitalis, in a dose of 130 mg. daily 
(U.S.P. XI), was given for nine days, after which she received 65 mg, 
daily for five weeks. The twenty-four-hour excretion of the 17 koto- 
steroids on September 37 "was 1.1 mg. per cent. 

An electrocardiogram, taken on September 23, at which time the heart 
had changed little roentgenologieally, although the gallop had disap- 
peared, is shown in Fig. 3, Ji. By October 3, the transverse diameter of 
the heart shadow had decreased considerably (to 11 cm.), the body 
weight had decreased from one hundred eleven to one hundred pounds, 
and there was no detectable edema. The patient had her first menstrual 
period in six months on October 6. The dose of desoxycorfieosterone 
acetate and cortical extract was progressively decreased, and she was 
discharged on October 25, taking 5 c.c. of the extract and 2 mg. of 
desoxyeortieosterone a day. 


Comment. There was a good deal of delay in initiating the treatment 
of adrenal insufficiency, so that, when the diagnosis was made, unusually 
large amounts of desoxyeortieosterone acetate were given, together with 
an abundance oi sodium chloride. The signs of congestive heart failure 
uere as definite as in Case 3, and the serial electrocardiograms were as 
remarkable. The shallow inversion of the T wave in Leads I and IV 
on .Sept. 21, 3942, was no doubt indicative of moderate damage to the 
myocardium incident to the effect of excessive amounts of desoxy- 
cortieosteione acetate. 1 he patient was receiving digitalis at the time, 
bin in relatheh small doses. Pericarditis was considered as a cause for 


the inversion of the T waves, but no positive evidence was ever obtained 
to substantiate such a diagnosis. It should be noted, likewise, that the 
signs of congestion developed while the blood pressure was still below 
normal, and without any significant tachycardia. 
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DISCUSSION 

The mechanism of the heart failure in these two eases is not entirely 
clear. That there was an accumulation of salt and water in the body 
there can be little doubt, as evidenced by the increase in body weight 
and the development of edema. The evidence of congestive heart fail- 
ure was likewise clear, namely, the increase in the size of the heart, 
the roentgenologic signs of pulmonary congestion, the gallop rhythm, 
and the rise in venous pressure. The striking rise of blood volume 
that occurs after the administration of desoxyeortieosterone acetate to 
patients with Addison’s disease 1 was undoubtedly an important factor 
in causing the congestive heart failure. This also was a factor in in- 
creasing the first patient’s blood pressure to hypertensive levels. 

However, a disturbance of electrolytic balance was undoubtedly of 
some importance in the altered physiology' of the heart and the decreased 
efficiency of the heart muscle. It was demonstrated many years ago hy 
Ringer 6 that potassium in proper concentration is essential for normal 
contraction of cardiac musculature. More recently, Follis, et ah , 10,11 
have observed morphologic changes in the cardiac muscle of rats which 
were maintained on a low potassium diet and forced to exercise. Similar 
changes were not noted in the voluntary muscles, and the changes in the 
cardiac muscle were not observed in control animals which received an 
adequate amount of potassium in the diet. Harrow' and Miller 12 pro- 
duced similar morphologic changes in rats and cats by daily injection 
of desoxyeortieosterone acetate, and these, too, were prevented in control 
animals hy the addition of potassium to the diet. It seems not unreason- 
able, therefore, to suppose that similar changes may have taken place in 
these two cases during the period when the patients were receiving ex- 
cessive amounts of desoxyeortieosterone acetate, which, of course, would 
he an important factor in the development of congestive heart failure. 
The serum potassium was measured in only one of these patients , and 
was found to be within the range of normal. This determination, how- 
ever, does not indicate the status of the potassium metabolism in either 
the cardiac or skeletal musculature, for such stores may' he depleted 
without appreciably affecting the serum potassium. A more accurate 
means of following the loss of potassium would he to ascertain the 
urinary excretion, which, unfortunately, was not followed in these pa- 
tients. The improvement of the patients after relatively' small doses of 
digitalis suggests that digitalis may be used to advantage in controlling 
or preventing the heart failure. At least, in the event of the develop- 
ment of congestive heart failure, digitalis should he given. 

I lie serial changes in the electrocardiograms were quite striking, and 
this phenomenon, too, is undoubtedly associated with the altered electro- 
lytic balance which occurs after prolonged treatment with desoxy- 
mrtkosteroTJc acetate . with particular regard to potassium. With the 
loss of cellular potassium in familial periodic paralysis, 1 ** 14 rather 
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striking' alterations in the electrocardiogram have been observed, particu- 
larly loss of amplitude of the T waves. Similar but less marked changes 
have been observed to occur in the electrocardiogram when normal men 
are given desoxycortieosterone acetate for short periods of time in good- 
sized doses . 15 

, During the treatment of patients with Addison's disease by desoxy- 
corticosterone, the question frequently arises as to whether the patient 
has had too little or too much of the synthetic hormone. This is true be- 
cause weakness may be the predominant symptom in either case. The 
weakness caused by excessive amounts of desoxycortieosterone acetate 
may well be associated with the loss of body potassium which results 
therefrom, and is to be likened to the weakness and paralysis of familial 
periodic paralysis. For this reason it seems w r ise to give small to moder- 
ate doses of potassium salts to patients suffering from excess desoxy- 
eorticosterone acetate therapy. There is usually a gain in weight after 
desoxycortieosterone acetate therapy, but this at times is not very strik- 

m 

ing, for some return of the weight toward normal is expected. The size 
of the heart is known to be an accurate index in treating Addison's dis- 
ease, but comparable roentgenograms are often difficult to obtain. Serial 
electrocardiograms seem to be a reliable index of the status of desoxy- 
corticosterone acetate therapy, and can be used to advantage, particu- 
larly in ascertaining whether a patient has had an excess of the synthetic 
hormone. 

SUMMARY AND CONCLUSIONS 

Congestive heart failure and electrocardiographic changes were ob- 
served in two cases of Addison's disease in which an excessive amount 
of desoxycortieosterone acetate w r as given. The cause of the decreased 
efficiency of the heart is discussed, and the striking alterations in the 
electrocardiogram (low voltage of QES waves and flattening or inver- 
sion of the T weaves) are emphasized. The changes in the electro- 
cardiogram, particularly the T-wave changes, have been compared with 
the alteration of the electrocardiogram incident to a loss of body potas- 
sium. Digitalis therapy proved of considerable value in clearing up the 
congestion in the two cases reported here. Potassium salt by mouth may 
be of value in improving the efficiency of the heart muscle during 
desoxycortieosterone acetate toxicity. 
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. ADDENDUM 

Since submitting this manuscript for publication three relevant re- 
ports have appeared 10 ' 18 in the literature. The last two reports 17 ’ 18 
further emphasize the role that potassium metabolism plays in myo- 
cardial physiology during toxicity from desoxycorticosterone acetate. 



AN INTERPRETATION OP AXIS DEVIATION AND 
VENTRICULAR HYPERTROPHY 


Emanuel Goldberger, M.D.* 

Bronx, N. Y. 

INTRODUCTION 

I N 1913, Einthoven, Palir, and deWaart 1 developed the concept of the 
electrical axis and a method of measuring it in terms of the angle a.f 
This concept has been of great value because it has been found that 
there is good clinical correlation between the recognized electrocardio- 
graphic patterns of axis deviation and conditions in which hypertrophy 
of the right or left ventricle exists. 

Yet, as is well known, the electrical axis is not; fixed, but changes from 
moment to moment during the inscription of the QRS complex, 2 and 
what is ordinarily described as the electrical axis is the reading taken 
at the peak of the R wave. Furthermore, in eases of right or left ven- 
tricular hypertrophy, reference to the electrical axis does not explain 
the RS-T deviations and T-wave changes which are often observed. In 
addition, there are many atypical cases of ventricular hypertrophy 
which do not conform to the established criteria, such as cases of left 
ventricular hypertrophy in which there is right axis deviation. 3 
Finally, although there is a close correlation between angle a and the 
average direction of spread of the impulse in the auricles, no such clear 
correlation is found in the ventricles. 

If, instead of standard leads, unipolar extremity leads (Wilson’s 
ordinary luiipolar extremity leads, 4 or the author’s augmented unipolar 
extremity leads [aV-leads] 5 ) are used, interpretation of axis deviation is 
simpler, because each unipolar extremity lead varies directly with the 
electrical axis of the heart. 0 But even with these leads, the explanation 
of physical changes, such as hypertrophy of the ventricles, in terms of 
the angle a is hard to grasp, especially when the angle a has negative 
values. 

It was therefore felt that a graphic analysis by which the electrical 
activity of the ventricles could be interpreted in terms of the actual 
spread of the impulse through the muscle, rather than a mathematical 
calculation of the angle a at particular instants, might prove of value. 
We found the answer to this problem in the method we were using to 
analyze the patterns of unipolar leads. 
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In brief, the principles underlying this method of interpretation of 
axis deviation and ventricular hypertrophy are the following: All 
unipolar electrocardiograms (whether extremity, preeordial, or tho- 
racic), irrespective of the location of the electrode, record the electrical 
activity of the heart as a whole, rather than favoring selective, small 
areas which may lie beneath the electrode. 

An analogy may make this clearer: If a roentgenogram of the chest 
be taken, all the structures of the thorax are visualized, irrespective of 
whether the patient stands facing the x-ray tube (a-p position), or with 
his back to the tube (p-a position). The characteristics of the roent- 
genogram, however, will depend on many factors; for example, in the 
one taken in the first position, the heart will appear larger than in the 
second, because, in the first position, the heart was nearer to the x-ray 
tube. 

Similarly, the characteristics of such electrocardiograms will also de- 
pend on several factors, namely: (a) The direction in which the 
electrical activity is spreading over the muscle, (b) the direction in 
which the regression of activity takes place, (c) the location of the 
electrode, (d) the distance of the electrode from the region of electrical 
activity, and (e) the size and shape of the ventricles.* 7 
The easiest -way to grasp this concept is to begin with an explana- 
tion of the electrical activity of a simple muscle strip immersed in an 
extensive and uniform conducting medium, as recorded in the electro- 
gram, f 

To consider in more detail the five factors mentioned above: (a) and 
(b) The Activation and Regression of Electrical Activity. — It may he 
stated as a general rule that the wave of activation, -which, is quite rapid 
in muscle, has a {-■-) pole in the direction to which the impulse is spread- 
ing, and a (-) pole in the direction from which the impulse is passing 7 ’ 
(Fig. 1 ). 

During the regression of electrical activity, which is a comparatively 
slow process, these conditions are reversed, and the (-) pole is in the 
direction to which the regression wave is passing (Fig. 1). Since muscle 
which has become activated does not stay in this state very long, the re- 
gression of activity starts soon after activation has begun, and, there- 
fore, these two phases are going on simultaneously in different segments 
of the muscle mass for the greater period of the electrical activity in 
the muscle. 

(c) The influence of the Position of the Electrode.- -The influence of 
the position of the electrode on the individual deflections of the electro- 
gram can also he seen in Fig. ]. In this example, the waves of activation 
and of regression travel in the same direction. An electrode at V will 
lace th e tail end oi the wave of activation, and, consequently, -will record 


papw^of MaclffrJ' f ' l,Kr 1 ''"' ir " ,u ’ rUint tnr.U3rF. tho roadcr is ref erred to the or Iclnat 

I r . A' 1 "'A r ?f ra T ls * record of If.-. ads from muscle Strips or direct 
'A'llv (T T A;* : a’J J' fl- h -o, r t . In contradistinction to the clcctrovwVosmm, 

r , nlcn ift taken Aith Ifjd * moro or ! flinlont. from Vex*-, 
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(-) potentials; throughout the period when the muscle is being activated. 
During the regression of activity, the electrode, also facing the tail end 
of the wave, now records a. (+) deflection. An electrode at II will 
record an electrogram just the opposite to that at F, because, here.othe 
electrode is always facing the oncoming waves of activation and regres- 
sion. . 

With an electrode at G the following conditions hold: Up to the mo- 
ment the wave of activation reaches the muscle immediately under G, 
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Pig. 1. — a. Electrical activity in a simple muscle strip immersed in an extensive 
and uniform conducting medium and recorded in the electrogram (after Macleod 7 ). 
M — muscle strip, x — place of origin of the impulse, and F, G, H = electrograms 
which might be recorded if the electrodes were placed as in the sketch. It is assumed 
that, for each of the records, the other electrode (not shown) is so distant from the 
muscle that its potentials are negligible. The arrows indicate the direction in which 
the waves of activation and regression pass, and the polarities of the wave fronts. 

b, Schematic representation of the paths of activation and of regression in the 
ventricles of the normal heart. A — activation, . R = regression. The heart is shown 
in horizontal cross section as in Fig. 2c. 
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the electrode is facing the (+) pole of the wave, and a (-) deflection is 
recorded. During the remaining period of activation the electrode, 
facing the tail end of the wave, records a (-) deflection. 

With respect to the regression of activity, up to the moment the re- 
gression wave reaches the muscle under G, the electrode has been facing 
it s (_) front pole. This deflection is hidden within the QliS complex/ 
and tlie only portion of the regression wave clearly observed is that re- 
corded during the latter stages of regression, when the electrode is facing 
its tail (+) end. 

From the foregoing, the following conclusions may be drawn: 

a. Although activation and regression of electrical activity go on 
simultaneously throughout the greater part of the electrical activity 
in the muscle, the QRS, in a general way, may be considered to bo 
caused by the activation of the muscle, and the RS-T segment and the 
T wave to be caused by the regression of electrical activity. 

b. The RS-T segment may lie above, on, or below the isoelectric line, 
and T may be (+) or (-), depending on the location of the electrode, 
other factors remaining equal. 

c. When the waves of activation and regression travel along similar 
paths, tlie RS-T segment and T wave will tend to point in a direction 
opposite to the QRS. 

d. The Effect of the Distance Between the Electrode and the Region 
of Electrical Activity. — The effect of the electrical activity on tlie 
electrode is inversely proportional to the square of the distance of the 
electrode from the source of the electrical activity. 7 Thus, if the elec- 
trode were moved from a point 3 cm., to one 6 cm., away from the region 
being activated, there would be a fourfold decrease in potential recorded, 
although the electrode was moved only twice as far from the active 
region. 

The previously mentioned relations have been expressed mathe- 
matically,- s but need not he considered for the purposes of this paper. 

e. The Size and Shape of the Ventricles. — These facts can he ap- 
plied directly to the study of the human heart, if the following addi- 
tional factors are taken into consideration and unipolar leads are used:* 

1. Tlie ventricles are not a simple muscle mass, but may be likened 
to two curved muscles joined at their adjacent ends by the interven- 
tricular septum to form an asymmetrical, cup-shaped muscle with its 
open end facing the head and right shoulder girdle 11 (Fig. 2). 

The relations of the ventricles to the chest wall can be observed also 
in I* ig. 2. It. should be noted that practically all of the ventricular 
muscle lies to the left of tlie sternum; that the right ventricle lies in 
relation to the anterior chest wall ; that the left auricle faces posteri- 
orly (Tig. 2, b); and that the left ventricle actually overlies the dia- 
phragm, and laces, for the most part, interiorly. 





Fig. 2. — The relations of the heart to the thoracic cage. Vertical dotted lines repre- 
sent the midline of the body. A = Aorta, RA — right atrium, RY = right ventricle, 
LY — left ventricle, PA — pulmonary artery at its bifurcation (at level of fifth dorsal 
vertebra), PV — pulmonary veins, SVC — superior vena cava, IYO ~ inferior vena 
cava, and LA = left atrium, a. Anterior view of the heart (after Cunningham 13 ). 
The anterior walls of the right ventricle and right atrium and part of tricuspid valve 
have been removed. - 

b. Posterior view of the heart (after Cunningham 13 ). 

c, Cross section through chest at level of sternal end of fourth costal cartilage and 
eighth dorsal vertebra (after Eydeshymer and Shoemaker- 1 ). 
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2. Although the spread of the impulse is not even throughout the 
ventricles, the general direction of spread is from the subendocardial 
region of each ventricle outward to the epieardium of each ventricle.* 
Therefore, an electrode so placed that it faces the oncoming wave of 
activation in one of the ventricles is also facing, to some extent, the 
tail end of the activation wave in the other ventricle (Fig. 1, b). 

3. A further complication arises from the fact that, normally, the 
thickness of the left ventricle is greater than that of the right. Conse- 
quently, the surface of muscle in the left ventricle in a state of partial 
activation or partial regression will tend to he greater than in the right 
ventricle ; therefore, the electrical activity of the left ventricle will tend 
to dominate the electrocardiographic pattern. | 

4. Unlike in the simple muscle strip, here the path of activation is 
different from the path of regression. 12 Therefore, T will tend to point 
in the same direction as QRS (Fig. 3). 


.MATERIAL AND METHOD 


Although we have on 61c unipolar leads of more than 3,000 patients, 
in over 400 of whom multiple unipolar precordial leads were taken, for 
this particular study we selected 30 additional, adult subjects: 10 nor- 
mal subjects: 10 patients with evidence of left ventricular preponder- 
ance in the electrocardiogram ; and 10 with evidence of right ventricular 

preponderance.! 

In addition to the standard leads, the following unipolar leads (taken 
with the author’s indifferent electrode of zero potential') were used: 


1. From ihe right aim (aVr lead). 

2. From the left arm (aVl lead). 

3. From the left leg ( aYf lead). 

4. It.S.Cl. lead, with the electrode at the apex of the supraclavicular 
region at the right midelavieular line. 

5. Head lead, with the electrode at the angle of the left side of the 
mandible. In this connection, we conducted preliminary experiments 
and took records not only from various positions on the surface of the 
lace and head, but also the tongue. All records were practically identi- 
cal. J' urthermore. when two electrodes were placed on the head and 
the potential difference measured, it was found that the string did not 
mow at all, or minimal deflections were recorded. The head, therefore, 
lor practical purposes, may, like the extremities, he considered as a 
volume conductor. 


p?/'!’ 1<f ad, similar to the R.S.C1. lead. 

'■ o i,-0In base of the spine of the right scapula. 

“ Ioai-AX; lead, from the right axilla in the second intercostal 
space on the midaxillary line, 

J. 2 Jt.M.fJ. lead, from the second intercostal space in the right mid- 
elavieular line. 
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Fig-. 3. — H. S., male, 26 years of age, normal. 


For descriptions of symbols, refer to the text. The precordial leads and Vc 
repeated in most of the records. The unipolar leads are so taken that positivitv 
lepresented by an upward deflection.. 


are 
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10. 2 LAI. CL load, similar to 2 Jl.M.Cl. lead. 

11. 2 LAI.Ax. lead, similar to 2 TtAl.Ax. load. 

12. L.TJ.Se, lead, similar to Jl.U.Se. lead. 

13. R.L.Sc, lead, at angle of right scapula. 

14. 5 K.M.Ax. lead, from the fifth intercostal space in the right mid- 
axillary line. 

lf>. f) RALCI. lead, from the fifth intercostal space in the right mid- 
clavicular line. 

16. Lead V-l, with the electrode in the fourth intercostal space at the 
right border of the sternum. 

17. Lead V-2, in the fourth intercostal space at the left border of the 
sternum. 

18. Lead Y-3, placed on the middle of a line joining the points of 
electrode application of leads V-2 and V-4. 

19; Lead V-4 placed at the left midclavicular line in the fifth inter- 
costal space. 

20. Lead V-5, in the fifth intercostal space at the left anterior ax- 
illary line. 

21. Lead V-6, at the left midaxiJIary line in the fifth intercostal space. 

22. L.L.So. lead, at the angle of the left scapula. 

23. 12 R.L.B. lead, in the twelfth intercostal space directly under the 
angle of the right scapula. 

24. 12 RAI.Ax. lead, in twelfth intercostal space at right midaxillary 
line. 

25. R.U.A. lead, on the right upper quadrant of the abdominal wall, 
at the level of the lowest costal cartilages and on the prolongation of 
the midclavicular line to the abdomen. 

26. L.U.A. lead, similar to the R.U.A. lead. 

27. LALAx. lead, similar to 12 RAI.Ax. lead. 

28. 12 L.L.B.. on the hack and similar to 12 K.L.B. lead. 

29. On some of the patients the unipolar lead V-e, with the electrode 
over the xiphoid process, was taken. We found, as Wilson, et ah /' a 
did, that the patterns in this lead were similar to those of lead V-l or 
V-2. 

Leads were taken with the patients sitting or in a semireeumbent 
position. The electrocardiograph was standardized so that a deflection 
in the record of 1 cm. was equivalent to one millivolt. Exceptions to this 
are found in the aY- leads, in which, although the electrocardiograph 
was standardized as usual, a 1,5 crn. deflection equals one millivolt.” 
Also, in taking some of the lower hack leads, where the potentials were 
very small, the string was loosened. 


RESULTS 

^ ^ lf -5 ormnl If cart. — Ordinarily the long axis of the normal heart, 
iiom the base to the apex, runs obliquely from behind, forward, and 
downward to the left." 32 Normal deviations may occur in two direc- 
tions, depending on the size arid shape of the thorax and the position 
of. the diaphragm. In one type, the long axis of the heart is more or 
les-> vertical, whereas, in eases of heavy-cheated persons with a high 
diaphragm, the lone - axis of the heart is likely to he quite oblique. 

With this in mind, and trout study of Figs, 1 and 2. the principles 
dcs"ribed above can be applied, and, on theoretical "rounds alone, the 
following unipolar elect rweirdio"rnphie pmp-rns ean be predicted: 
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a. Leads from the right arm, rig-lit shoulder girdle anteriorly and 
posteriorly, the head, left shoulder girdle posteriorly, and the right 
anterior part of the chest, including lead Y-l, can be said to faceAhc 
ventricular cavity. Therefore, the main QRS deflection should be (-). 

b. Leads overlying or facing the epicardial surface of the left ven- 
tricle, i.e., from the left side of the precordium and left upper abdomen 
and left lower back should have a (+) main QRS deflection. 

c. Leads, overlying or facing the epicardial surface of the right ven- 
tricle, such as those over the lower midsternal region and right upper 
abdomen, should also have a (+) main QRS. 

d. Transition zones may be expected in those regions which lie at 
the boundaries of those just described. 

. e. The T wave should tend to point in the same direction as the .QRS. 

Actual records correspond well to this, and may be divided into two 
types, determined by the location of the main transition zones. These 
zones are in the region of the left arm lead, the R.U.A. lead from the 
right upper abdominal wall, and the left leg lead. 

To consider the left arm lead, we found that, although in all our 
records the upper left scapular lead was always (-), the left arm lead 
was either (+), biphasic, or (-) (with occasionally a [-] T), depending 
on whether the left arm was facing the epicardial surface of the left 
ventricle or the endocardium, which in turn depended on the position 
of the heart. When the long axis of the heart is oblique, the left arm 
lead faces the epicardium of the left ventricle and is therefore (+). 
With a vertical long axis, the left arm lead faces the endocardial surface 
of the ventricles and tends to be (-) . 

The second zone of transition was noted in the R.U.A. lead over the 
right upper abdominal wall. Here the potentials also varied from (+) to 
(-) Pigs. 3 and 9, a. Although it might seem at first a paradox for a lead 
from the right upper abdominal wall, which faces the epicardial surface 
of the right ventricle (it also faces a portion of the left ventricle), to have 
a (-) QRS, this apparent discrepancy is easily explained when one re- 
members what was pointed out above, namely, that the electrical ac- 
tivity of the left ventricle is greater than that of the right, and that an 
electrode, although facing the oncoming (+) wave from within the right 
ventricle, at the same time is also facing the stronger (-) tail end of 
the wave passing outward through the main muscle mass of the left 
ventricle. As will be seen later with cases in which hypertrophy of the 
right ventricle was present, the patterns in this region of the body 
approach those theoretically anticipated. 

When the heart is oblique the right upper abdominal lead faces 
more of the right ventricular surface and is (-) ; when the heart lies 
vertically the right upper abdominal lead faces more of the lower sur- 
face of the left ventricle, and its potential becomes slightly (+) (in chil- 
dren the [+] deflection may be marked). 

The potentials of the left leg lead resemble those of the abdominal 
wall rather than those of the back; their appearance was intermedi- 
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ate between those of the right and left upper abdominal leads. They 
are not, therefore, as sensitive an index of the position of the heart as 
the right upper abdominal lead. Ordinarily the left leg lead faces 
varying aspects of the epieardial surfaces of both the right and left 
ventricles, also. With a vertical, normal heart, the left leg lead faces 
more of the left ventricle than of the right, and its potential is (•■•). 
When the normal heart lies obliquely, it faces more of the right ven- 
tricle than of the left, and its potential tends to be small and isoelectric, 
and even downward. 

The right arm lead, always facing the endocardium, maintains its 
(-) potentials. There is, therefore, a reciprocal relation between the 
potentials of the left arm and left leg leads: When the heart lies 
vertically, the left leg lead faces the left ventricle and is upright; the 
left arm lead, facing the endocardium, has a downward potential. When 
the heart lias obliquely, it is the left arm lead which faces the left ven- 
tricle, and is upright; the left leg lead, facing the small right ventricle, 
is downward. 

These results can also be interpreted in terms of standard leads. .Al- 
though each of the standard leads represents the algebraic difference 
between the potentials of the two extremities being used,®' 14 for the pur- 
poses of this paper we can state that Lead I resembles the left aim lead 
and Lead III resembles the left leg lead, especially if Leads JI and III 
are similar. Lead IT, of course, equals the sum of Leads I and III. 

Therefore, when the long axis of the heart is vertical, the left leg 
lead, facing the left ventricular surface, and Lead III will be upright; 
the left arm lead, facing the endocardium, and Lead I will be down- 
ward. This pattern has been arbitrarily designated as right axis deviation. 

When the long axis of the heart is oblique, it is the left aim lead which 
faces the left ventricular surface, and it and Lead I will be upright; 
and the left leg lead, facing the right ventricular surface, and Lead III 
will tend to lie isoelectric or downward. This has been arbitrarily desig- 
nated as no axis deviation or left axis deviation, respectively. 

When the left arm and left leg potentials are about equal, as they 
often are, Lead III will he isoelectric I Lead III equals the left aim 
minus the left leg potentials). 

To summarize: the electrical axis in the normal electrocardiogram 
is determined by the position of the heart within the thorax, and, more 
particularly, by the relations of the left ventricular surface to the left 
aim and left ieg leads. A vertical heart produces the patterns arbi- 
trarily designated as right axis deviation; an oblique heart produces the 
patterns arbitrarily designated as a normal electrical axis and left axis 
deviation. 

A word may be said about the preeordial leads. Jl can be sf*en in Kig- 
3 that lead \ -1 is similar to leads from the right upper chest, and leads 
\ -a and \ -G are similar to leads from the left upper body anteriorly. 
Thus, the biphasic leads V-2. Y-3. and Y-4 may also be considered 
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transitional leads, although in the normal their patterns do not vary 
to any extent with variations in the position of the heart. 

Left Ventricular Hypertrophy . — When hypertrophy of the left ven- 
tricle occurs due to hypertension or other causes, the following factors 
tend to make the electrocardiogram deviate from normal: (a) The left 
ventricle enlarges anteriorly, to the left, and posteriorly. With this, the 
apex is usually displaced both downward and to the left, causing the 
long axis of the heart to be more oblique than it is normally; (b) The 
greatly enlarged left ventricle serves to further enhance its dominance 
of the electrical activity of the ventricles. 

Witli these additional factors in mind, theoretical analysis, simi- 
lar to that used for the normal heart, allows the following predictions: 

1. Because of the marked obliquity of 1 lie heart, not only the left 
arm lead, but leads from the head and supraclavicular regions should 
tend to face the epicardial surface of the left ventricle, and record (+) 
potentials instead of being (-) . 

2. Due to the greatly enlarged left ventricle and its increased 
electrical activity, leads from a large area of the left upper portion of 
the trunk facing the left ventricle should exhibit large (+) potentials 
and the standard leads should also have large amplitudes; leads facing 
the epicardial surface of the right ventricle (and consequently the 
endocardium of the left ventricle) should he definitely (-). Actually, 
these conditions prevail (Pigs. 4 and 5). 

In Fig. 4, from a 73-year-old white man with hypertension, although 
the right arm lead (aVr lead) shows a (-) potential, in the right supra- 
clavicular region (R.S.C1. lead) the potential is bipliasic and partly 
(+), and it is (+) at the head and at the left supraclavicular region 
, (L.S.C1. lead). Leads from the left upper trunk anteriorly and pos- 
teriorly, including the L.U.Sc. lead from the base of the spine of the 
left scapula, also have a (+). potential. All the leads from the right side 
of the body, anteriorly and posteriorly, on the other hand, have a (-) 
main QRS. 

It should be noted that leads from the left abdominal wall, angle of 
the left scapula, and left lower back have a (-) main QRS. This is 
further indication of the marked obliquity of the heart, and of the fact 
that the main muscle mass of the hypertrophied left ventricle now points 
posteriorly in the direction of the left shoulder girdle, rather than in- 
teriorly. Therefore, with leads from the lower left side of the trunk 
and the left leg, the main body of the wave of activation will be moving 
away from them, and QRS will be (-), even though the wave is passing- 
outward to the epicardium. 

The precordial leads are very characteristic. Those near the sternum 
are like leads from the right side of the body, and those near the apex 
are like those from the left side of the body. Changes in the RS-T seg- 
ment and T wave can be better analyzed in the following record, Pig. 5, 
from a 48-year-old white woman with a blood pressure of 250/150. 















Fie- 5. — M. G., female, 48 years of age, hypertensive cardiovascular disease. Blood 
pressure, 250/150 ; no medication given. 
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One perceives that the T wave in practically all the leads points in a 
direction opposite to that of the QRS, and that, along with this, the 
RS-T segment is no longer isoelectric, but has also deviated in a direc- 
tion opposite to the QRS. Although many reasons for this have been 
proposed, 13 * 10 an adequate explanation is not yet available other than 
that the changes do not indicate myocardial damage. A more detailed 
interpretation of these changes will be presented in another paper. 23 

In this ease the QRS patterns are, in the main, similar to those in 
Fig. 4. Here the long axis of the heart is less oblique, and although 
the left supraclavicular lead (L.S.Ol. lead) has become (?), the head 
and R.S.CJ. leads remain (-). Posteriorly, leads from the right lower 
back and all the leads from the left side of the back are (+), which is 
also a sign that the obliquity of the heart is less than in the case illus- 
trated in Fig. 4. 

Fig. S represents another interesting case in which marked left ven- 
tricular hypertrophy was present in association with right ventricular 
hypertrophy. Note the presence of right axis deviation in spile of the 
left ventricular hypertrophy which was present. 

The extremity leads, as in the normal, occupy transition zones of po- 
tential, and variations are due to the position of the heart in the chest 
and not primarily to the left ventricular hypertrophy. Usually, the 
heart, lies obliquely, and this, as in the normal, results in left axis devi- 
ation. However, because the obliquity is more marked than normal, the 
left, leg lead, facing the right ventricle, becomes deeply (-). The right 
arm potentials usually remain (-), although, with marked shift of the 
long axis, these too become biphasie. It is this, as has been previously 
reported, 0 which is the cause of the two types of patterns in left ven- 
tricular hypertrophy which Barnes has described. 15 In the first type, 
the right arm lead is (-), and Leads I and II are similar; when the 
right arm becomes biphasie, Leads TI and HI become similar. 0 Figs. 
4 and 5 illustrate these two types. 

^ hen due to other factors, such as abnormalities of the thoracic cage, 
concomitant enlargement of the right ventricle, etc., the long axis of 
the heart tends to remain vertical, and the extremity leads will show 
the normal patterns, without axis deviation, in spite of the ventricular 
hypertrophy. In such cases, however, the characteristic (+) QRS u> 
leads over the hypertrophied left ventricle, and the (-) QRS in leads 
facing the right ventricle, along with high voltage in the standard leads 
and RS- f and T-wave changes, are often observed. 

Cases of lett ventricular hypertrophy have been described which show 
only marked lef f axis deviation.? In our cases of this type, the marked 
obliquity ot the heart, produced not only the patterns of left axis devia- 
tion, but, because of the large left ventricle, the left upper scapular 
lead (L.U.Se. lead), which in the normal is always (-). had become 


in-iy a If", «cur in a iw;r!:<»ijy oMi'juo normal heart. 
'A flov.-rsv,ar<l I>;ad II and III. 
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(+)* (Fig. 9, b). To summarize, then, the main features of the patterns 
in hypertrophy of: the left ventricle are: 

1. The QRS in leads over the hypertrophied left ventricle, particu- 
larly the precordial leads V-4, V-5, and V-6, are large- and (+). and high 
voltage in the standard leads is often observed. 

2. Leads facing the small right ventricle, such as the precordial leads 
V-l and V-2 and the R.U.A. lead from tlie right upper abdominal wall, 
are (-) . 

3. With this may be associated characteristic RS-T and T-wavc pat- 
terns in which they deviate in a. direction opposite to the QRS.f 

4. The unipolar extremity and standard leads may exhibit left axis 
deviation or normal or even right axis deviation, depending on the long 
axis of the heart, just as in the normal. Usually the long axis of the 
heart is quite oblique, and left axis deviation is present (high left arm 
and Lead I potentials, and deep left leg and Lead III potentials). When 
the obliquity is very marked, Lead II -also points downward. 

5. In cases in which the obliquity of the long axis of the heart causes 
left axis deviation without RS-T and T changes, the left ventricular 
hypertrophy causes the entire left shoulder girdle, including the left 
upper scapular lead (L.U.Se. lead), to be (+). This does not occur 
ill the normal oblique heart. 

Right V cntricular Hypertrophy . — Willi right ventricular hypertrophy 
the following factors tend to make the electrocardiogram deviate from 
normal : 

a. With moderate right ventricular hypertrophy there may not be any 
apparent change in the contour and position of the heart. 24 ’ 25 With 
marked enlargement, the right ventricle bulges anteriorly, obliterating 
the retrosternal space, and the apex of the heart is displaced horizontally 
to the left. Occasionally there occurs the so-called triangular heart. 24 
The effect of this on the long axis of the heart is variable, but it usually 
remains more or less vertical. 

h. The increased mass of the right ventricle tends to counterbalance 
the electrical activity of the left ventricle. Thus, again on theoretical 
analysis, the following unipolar patterns may be predicted: 

1. Because of the vertical long axis of the heart, leads from the head 
and both shoulder girdles should be (-), and right axis deviation should 
he present, as in the normal vertical heart. 

2. Leads facing the epicardial surface of the hypertrophied right 
ventricle, such as those over the right lower anterior part of 'the chest 
and midsternal region, and both sides of the abdominal wall, should 
have a (+) QRS.f Study of actual records confirms this. 

Fig. 6 is a record from a 43-year-old white woman with an inter- 
auricular septal defect and mitral stenosis (Lutembacher syndrome). 

*See Appendix. 

fThe undulating- RS-T and T may be likened to a roller coaster. The presence 
of this pattern does not necessarily indicate ventricular hypertrophy. 

JThe vertical position of the heart also contributes to the (+) abdominal wall po- 
tentials. 
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She had mild decompensation, for which she had been digitalized. Note 
the (+) main QRS deflections in leads from, the lower right anterior 
chest and right upper abdomen, and the (-) QRS from leads from 
the head, left upper chest, and both shoulder girdles. 

In the preeordial leads, the (+) potential of lead CF 2 is typical. 
Usually the first preeordial lead (here Ch\ with the left leg as the in- 
different electrode) also has a large (-f) deflection, but in this ease it re- 
sembled the other leads from the right upper anterior chest wall. This, 
however, may be due to the effect of the potentials of the left leg. 

Over the left side of the preeordium, as lead V-6, the potentials from 
the right and left ventricles tend to balance each other, and a bipliasic 
complex is recorded. When the left ventricle is small compared to the 
right ventricle, the leads over the left side of the preeordium, facing the 
tail end of the wave passing outward through the large ventricle, will 
record (-) deflections as in leads from the left shoulder girdle. In this 
ease, digitalis probably contributed somewhat to the RS-T and T devia- 
tions 17 which, however, are offen observed with right ventricular hyper- 
trophy. * 

In the extremity leads, because of the vertical long axis of the heart, 
the left arm lead faces the endocardium and is consistently (-). The 
right arm lead usually is (-), but when the long axis of the heart is 
very vertical, the right arm tends to face the epicardium of the right 
ventricle as well as the endocardium, and becomes bipliasic. It is this, 
as has been previously reported, 0 which is the cause of the two types of 
patterns in right ventricular hypertrophy which Barnes has described. 15 
In the more common type, the right arm is (-) and Leads I and II are 
similar. When the right arm lead becomes bipliasic, Leads II and III 
become similar (Figs. 6 and 9, d). 

Because of the vertical position of the heart, the left leg might be 
expected to face the epicardium of the left ventricle as in the noimal 
vertical heart. If the left ventricle is small compared to the right 
ventricle, the left leg lead, which faces the left ventricle, will tend to 
be isoelectric. This, as Wilson and Jiis associates 2,1 have pointed out, 
results in deep S waves in the three standard leads, rather than right 
axis deviation. An example of this is shown in Fig. 9, e. 

Isolated right ventricular hypertrophy is, however, much less com- 
mon than cases in which there is concomitant hypertrophy of both the 
right, and left ventricles. In fact, it has been stated that the most fre- 
quent cause of right ventricular hypertrophy is an antecedent hyper- 
trophy oi the left ventricle. 20 In such eases, the electrocardiographic 
patterns arc not as characteristic as the one just described. 

Fig. 7 illustrates such a case, that of an 80-vear-old white woman 
with emphysema and hypertension. She was not receiving any medica- 
tion. Note how the features of both right and left ventricular hyper- 
trophy are present. The preeordial leads are suggestive of left ven- 

! U'r- ir - thr ' cf the KS-T and T changes does not necessarily Indicate 

ventricular hypertjnjdij-. 
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tricular hypertrophy. But the downward T„ and T 3 are usually seen 
with right ventricular hypertrophy, 1 8 as are the (-) potentials of the 
head and both shoulder girdles and the (+) QRS and (-) T of the 
R.U.A. lead from the right upper abdominal wall. In this connection, 
an important fact should be noted: In all our cases of right ventricu- 
lar hypertrophy, the Iv.U.A. lead from the right upper abdominal wall 



Pig-. 6. P. B., female, 43 years of age, interauricular septum defect and mitral 

stenosis (Lutembacher syndrome). Patient had mild decompensation, for which she 
had been digitalized. Photographs of the precordial leads CFi and CF 2 , taken with 
the leg as the indifferent electrode, are included. 
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Fig. S. — C. D,, colored, male, -45 years of use. Hypertensive cardiovascular disease 
and kyphoscoliosis, and latent syphilis. Patient had moderate right heart failure, 
for which he had been digitalized. Blood pressure, 180/125. 




byporUnMve canltovaw'ula/fiiw^^V *%' p. on p at ■ "■ 
pulmonary tuberculosis • a F fi’’ fema,0 i 

1C. male, 59 years of axn I 8 >’ ears of 

' 1 a -' c > chronic cor pulmonale (tl 


h, Tl. W„ female, 40 years of age. 
41 years of age, chronic fibroid 

jo } Kuo* ui age, chronic asthma; and c, B. 

cor pulmonale (the precordial lead is CFO* 


not only the pattern of right axis deviation (deep left arm and Lead I 
po cn la s, «iiu ng i Jett leg and Lead JII potentials), but, because of 
1 K lt n '' 7 l " ventricle, the ILL.A. lead from the right upper abdominal 
wall, facing the right ventricle, had become highly (+), which is not ob- 
served normally*’ (Fig. 9. c). ‘ 


* See Appcr./Jir. 
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To summarize, right ventricular hypertrophy may cause the follow- 
ing electrocardiographic patterns: 

1. Leads facing the enlarged right ventricle, especially the R.U.A. lead 
from the right upper abdominal wall, are characteristically (+). A (+) 
QRS is also often observed in preeordial leads from the midsternal re- 
gion, and standard leads may also have high voltage. 

2. Leads from the left side of the precordium, facing the left ven- 
tricle, are biphasic and may be (-) if the left ventricle is comparatively 
small. 

3. With this, there are often associated RS-T and T-wave deviations 
in a direction opposite to the QRS. 

4. The unipolar extremity and standard leads may exhibit right 
axis deviation, or no axis deviation, or deep S waves in the three stand- 
ard leads,* depending on the long axis of the heart. Usually the heart 
is vertical and, as in the normal, the left leg lead faces the epicardial 
surface of the left ventricle and the left arm lead, the endocardium, 
producing deep left arm and Lead I potentials and high left leg and 
Lead III potentials (right axis deviation). 

5. The presence of left ventricular hypertrophy in association with 
the right ventricular hypertrophy causes variations in the long axis of 
the heart (and therefore changes in axis deviation), and the precordial 
leads resemble those observed in uncomplicated left ventricular hyper- 
trophy. However, in such cases, as well as in cases in which the hyper- 
trophied right ventricle causes changes in axis deviation only, the right 
upper abdominal lead (R.U.A. lead), which faces the right ventricle, is 
always (-t), indicating the presence of hypertrophy of the right ven- 
tricle. 

DISCUSSION 

The principle of considering the electrical activity of the heart as a 
whole is essentially that developed by Wilson and his associates some 
years ago. 7 ’ 8 However, the fact that leads taken with the exploring 
electrode on the exposed surface of the heart (direct leads), or over a 
saline soaked gauze pad overlying the heart (semidireet leads), or on 
the thorax over the heart give records which are qualitatively similar, 
except that the amplitude of the deflections decreases as the electrode is 
moved farther from the heart, have led them to postulate the concept 
that precordial leads preferentially depict events in that region of 
the heart immediately underlying the electrode, that the main (-) de- 
flection of the QRS complex begins when the muscle underlying the 
electrode becomes activated, and that the patterns of axis deviation de- 
pend on whether the potentials from the epicardial surfaces of the right 
ventricle and left ventricle are transmitted to either the left arm and 
left leg respectively, or vice versa. 

*Le£t axis deviation 'will not occur even if the heart is oblique because the left leg- 
lead, facing the large right ventricle in such a case, will be upright instead of small. 
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We feel (hat this explanation is too limited in scope, however. In the 
first place, the distance from the surface of the right and left ventricles 
to the chest wall is sufficiently great to minimize the effects of any one 
small area of the heart on the electrode. Secondly, the orderly sequence 
of unipolar lead patterns over the entire surface of the body, and the. 
similarities between prceordial leads and leads from adjacent regions 
of the chest appear to indicate that one mechanism is responsible for 
all the patterns. Tf this is not so, at what point does the electrode cease 
favoring selective potentials from the underlying muscle, and begin to 
record the electrical activity of the ventricles as a whole? 

With respect to OroedeFs ideas 11 ' about partial thoracic electrocardio- 
grams in which he claims to have isolated the electrocardiograms from 
the right and left ventricles, the criticism leveled at the above concepts 
more strongly apply. Furthermore, our records do not support G roe- 
del’s ideas. 

The concepts of Katz and his associates, 2 "'"’ 1 ’ in which complex bat- 
teries spread throughout the ventricles, is unnecessarily complex, we 
think. 

Although we have emphasized the changes in axis deviation in terms 
of shifts in the long axis of the heart around an anteroposterior axis, 
experimental observations have, shown that, in the normal, there occurs, 
along with the shift in the long axis, concomitant rotation of the ven- 
tricles around the long axis.® The relations between the changes in 
the long axis and the direction of rotation of the ventricles around the 
long axis are usually constant. Thus, when the long axis of the heart 
becomes more vertical, the anterior surface of the right ventricle tends 
to rotate to the left; and when the long axis becomes oblique, rotation 
of the right ventricle is to the right. 22 

CONCLUSIONS 

The following principles, which serve to explain the electrical ac- 
tivity recorded from a simple muscle strip, are applicable to the study 
or the electrical activity of the human heart as recorded by unipolar 
and standard leads. 

1. V* hen the electrical activity of the heart is studied with multiple 
unipolar leads on the surface of the body, the electrocardiograms ob- 
tained are observed to vary in an orderly sequence. These variations 
are dependent on: ( a / the location of the electrode, (b) the size, 
shape, and position 01 the ventricles. ( c ) the direction in which the wave 
of activation spreads in the muscle, and the direction of the regression 
wave, and (dj the distance of the electrode from the source of electrical 
activity. 

2. Irrespective of the location of an electrode on the surface of the 
body, it records potentials from the both ventricles, rather than prefer- 
entially recording potentials from any one area of the heart. 


•Th'-r-r rjciy a ho bo rotation around a transverse axis and porbapj* other ax<s. . 
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3. In. the human heart, which resembles an asymmetrical cup with its 
open end facing the head and right shoulder girdle, the spread of 
electrical activity is from within outward, in both ventricles. However, 
since the mass of the left ventricle is greater than the right, its electrical 
activity tends to dominate the electrocardiogram. 

. 4. The unipolar electrocardiogram depends, therefore, primarily on 
the relation of the electrode to the endocardium or the epieardium; 
and if the electrode faces the epieardium, the relative sizes of the ven- 
tricles must also be taken into account. 

5. In the normal heart, leads from the right, upper region of the body, 
including the right arm lead and the precordial lead V-l, face the 
endocardium, and are (-). Leads facing the epieardium of the left 
ventricle, as precordial leads V- 5 and V-6, are (•*•)• The left arm lead, 
the left leg lead, and the right upper abdominal wall lead are situated 
in transitional zones of potential, however. The polarities of these leads 
often vary greatly with changes in the long axis of the heart. 

When the heart lies vertically, the left leg lead faces the surface of 
the left ventricle, and its potential, as well as that of Lead III, which 
resembles it, is upward. The left arm lead faces the endocardium, 
and it and Lead I, which resembles it, are downward. This pattern 
has been arbitrarily designated as right axis deviation.' 

When the heart is oblique, it is the left arm lead which faces the left 
ventricular surface. Therefore, it and Lead I are now upright. The 
left leg lead faces the right ventricular surface, and it and Lead III 
tend to be small or even .downward. The pattern has been arbitrarily 
designated as that of a normal electrical axis or of left axis deviation, 
depending on whether Lead III is upright or downward. 

It may therefore be said that the relations of the surface of the left 
ventricle to either the left aim lead or the left leg lead govern the pat- 
terns known as axis deviation. 

7. Because the paths of activation and of regression of the electrical 
activity in the normal heart are different, the T wave points in the 
same direction in practically all unipolar leads. 

8. When hypertrophy of the left, ventricle occurs, the obliquity of 
the heart causes the patterns of left axis deviation,. just as in the normal. 
However, the left axis deviation is often marked (Lead II, as well as 
Lead III, is downward). Also, in such cases, because of the hypertrophy 
of the left ventricle, the left upper scapular lead (L.U.Se. lead) be- 
comes (+) . 

If for any reason the long axis of the heart becomes or remains ver- 
tical, normal or even right axis deviation may be seen. Along with the 
changes in axis deviation, RS-T and T deviations in a direction oppo- 
site to the QRS are often seen in practically all leads, although the pres- 
ence of the RS-T and T deviations does not necessarily indicate ven- 
tricular hypertrophy. Along with this there may be the following ad- 
ditional signs of enlargement of the left ventricle: large (+) deflec- 
tions in leads facing the hypertrophied left ventricle, as from the left 
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side of the chest, especially precordial leads V-4, V-o, and Y-6, and high 
voltage in the standard leads; and deeply (-) deflections in leads facing 
the small right ventricle, as from over the midstemal region and the 
right upper abdominal wall (R.U.A. lead). 

9. With hypertrophy of the right ventricle, the heart tends to lie 
vertically and right axis deviation occurs as in the normal. If the left 
ventricle is small compared to the right, the left leg lead, facing the 
left ventricle because of the vertical position of the heart, will also be 
small in amplitude. This may result in deep S waves in the standard 
leads, rather than the pattern of right axis deviation. There may also 
be RS-T and T deviations in practically all leads (although, here again, 
their presence is not necessarily an indication of ventricular hyper- 
trophy), and the following additional signs of enlargement of the right 
ventricle: (-f) deflections from leads facing the hypertrophied right 
ventricle, such as the right upper abdominal lead (R.U.A. lead), and 
often the preeordial leads from the midstemal region; and biphasic, 
small, or even downward deflections from leads over the left side of the 
chest, which face the small left ventricle. 

When there is concomitant left ventricular hypertrophy, the pre- 
cordial leads record the characteristics of the left ventricular hyper- 
trophy. The right upper abdominal lead, facing the hypertrophied 
right ventricle, however, is (-f) even in such eases. 

To conclude, when the normal and hypertrophied heart is studied 
by means of unipolar leads taken over the surface of the entire body, it 
becomes evident that, although leads near the heart and from the right 
shoulder girdle have a fairly fixed pattern, the left arm and left leg 
leads occupy transition zones of potential, and the unipolar extremity 
and standard leads are influenced not so much by the size of the heart 
as by its position in the thorax. It is for this reason that chest leads 
offer a more suitable index of ventricular hypertrophy than the ex- 
tremity leads. However, the multiple preeordial leads in use today are 
only partially successful in recording evidence of right ventricular 
hypertrophy, especially when it is associated with some degree of left 
ventricular hypertrophy. Our incidental observation of the constancy 
of the pattern of the right upper abdominal unipolar lead, particularly 
in such eases, makes us suggest that it may have use as an index of right 
ventricular hypertrophy. Similarly, the left upper scapular unipolar 
lead may have value in diagnosing left ventricular hypertrophy when 
only left axis deviation is present in the standard and preeordial leads. 

SUMMARY 

1. The physiologic principles by which unipolar leads can he in- 
terpreted are described. 

2. 1 he patterns oi unipolar surface potentials over the body in the 
normal subject and in eases of right and left ventricular hypertrophy 
are illustrated. 
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3. A nonmatliematieal approach to the problem of axis deviation is 
presented. 

4. The advantage of leads close to the heart over extremity leads in 
the diagnosis of ventricular hypertrophy is emphasized. 

5. The use of the right upper abdominal unipolar lead (R.U.A. lead) 
as an index of right ventricular hypertrophy, and of the left upper 
scapular unipolar lead (L.U.Se. lead) in the diagnosis of hypertrophy 
of the left ventricle is briefly described. 

APPENDIX 

Our observations on the use of the right upper abdominal and left 
upper scapular unipolar leads have not been confined to the small series 
of cases described in this paper. We have begun to collect a large 
series of these leads in order to establish exact standards for their 
values. Judging from our preliminary observations, an amplitude of 
more than (+) or (-) 4 mm. in an adult is to be considered abnormal. 
We have not as yet developed standards for children, in whom the 
amplitudes of these leads are larger than in adults. 

The author wishes to express his appreciation to Dr. Leander H. Shearer, Di- 
rector of Medicine. Lincoln Hospital; to Dr. Louis Leiter, Chief, Medical Division, 
and to Dr. Sidney P. Schwartz, Cardiograplier, Montefiore Hospital, for their co- 
operation; and to Miss Pose Campise of Lincoln Hospital and Miss Esther Ralim 
of Montefiore Hospital, who took many of the records used in this study. 
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ADDENDUM 


Although study of Fig. 1 led us, at first, to think that the T-wavc 
changes often observed in cases of ventricular hypertrophy were indic- 
ative of the fact that the paths of activation and of regression were 
now similar, we no longer believe that this is the only explanation pos- 
sible. Recent observations of ours which have been made since this 
paper was written 2 ’ suggest that, in some of the eases of ventricular 
hypertrophy in which T-wave changes are present, they are due not to 
the hypertrophy hut to the position of the heart, in a manner similar 
to that affecting the QR.S complex. Thus, when the heart is vertical 
and markedly rotated clockwise around its long axis, a downward T ; 
and T 3 may occur, along with the high QR.S 2 an <i because of the posi- 
tion oj the heart, even if it is normal in size. Similarly, we feel that an 
oblique heart, with marked, counterclockwise rotation around its long 
axis irrespective of its size, niav cause a downward T- in addition to 
the high QRF S . 


In other eases, the changes in the RS-T segment and the T wave may 
be due to the large area ot the QR.S complex, which is so often present 
in c?! r-.es of ventricular hypertrophy. These suggestions, however, obvi- 
ously do not cover all the possible mechanisms which can produce a 
dov.uv.ard I wave in the absence of myocardial damage. A more com- 
plete discussion of the above eoneepts, impossible in this paper, will he 
presented elsewhere. 2 ’ 



THE VALUE OF ROENTGENOLOGIC EXAMINATION OF THE 
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R OENTGENOLOGIC examination of the heart provides data regard- 
ing size,, shape, and pulsation, as well as relationship to adjacent 
structures. The present report proposes to review critically the signifi- 
cance in the clinical diagnosis of cardiac disease of data obtained by 
conventional roentgenologic examination. 

In order to make a diagnosis, it is essential to know the size of the 
heart. It is estimated with much greater accuracy roentgenologicallv 
than by percussion or palpation. In so-called normal persons, a fairly 
uniform correlation is found between the area of the posteroanterior 
projection and the height and weight . 1 Although a heart that is judged 
to be enlarged from “prediction” tables must be considered as likely 
to be diseased, a variation from the average can be anticipated regularly 
in normal subjects, so that deviations must be evaluated in terms of 
other clinical data. It must be borne in mind constantly that normality 
as a statistical concept refers only to average values. Furthermore, sig- 
nificant disease may exist in spite of so-called normal measurements. In- 
deed, the range about the average values is sufficiently large and the 
influence of the position of the diaphragm is of such importance that, 
in experienced hands, precise measurements are an unnecessary refine- 
ment, and may be reserved for actuarial or experimental purposes. 
Usually the experienced observer can compare the size, of the heart to 
body habitus with sufficient accuracy by inspecting the teleoroentgeno- 
gram or the orthodiagram. Many observers are satisfied with simple 
fluoroscopic examination, although this requires greater discrimination. 

The shape of the heart does not lend itself easily to classification. 
Although the terms “mitral configuration'’ and “aortic configuration” 

. are still used, they have a place only when no diagnostic connotation is 
implied. More precision in the description of shape is obtained by con- 
sidering the separate segments of the cardiac contour. Ordinarily, in 
the posteroanterior projection, for example, it is possible to identify 
five landmarks. On the right side the cardiac border joins above with 
the supracardiac segment and below with the diaphragm. On the left 
side the points are not as sharply defined. Below, there is a rounded 
nose just above or below the outline of the diaphragm which is described 
as the roentgenographic apex of the heart. More cephalad is a point on 
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either side of which the pulsations are opposite: when the contour below 
contracts, the one above distends. The two segments may be immediately 
adjacent or may be separated from each other by a segment which pul- 
sates less vigorously or appears still. In most cases these dividing points 
do not represent constant anatomic landmarks on the cardiac chambers. 
Comparison with post-mortem material and particularly with the angio- 
cardiographic appearance shows clearly that they arc more or less 
accidental points, where the projected chambers overlap. Hence, meas- 
urements made between these points cannot have any anatomic signifi- 
cance. This statement applies to the cardiac contour in all positions of 
the patient. Precision measurement of the individual chambers, there- 
fore, cannot be attained, but experience does result in a certain visual 
dexterity in the examination of the contours between these points when 
correlated with body habitus, the position of the diaphragm, and the 
size of the heart as a whole. As an aid in the evaluation of these con- 
tours we shall present an analysis of the cardiac contour in the normal 
subject and in those diseases in which there is predominant enlargement 
of a single chamber. The analysis will be based largely upon angio- 
cardiographic studies, confirmed, however, in most instances by post- 
mortem correlation. 


NORMAL 

Tn a normal perso n (Pigs. 1A, IB, 10, and ID), in the posteroanterior 
position, the right heart border is made up by the right auricle. At its 
junction with the supraeardiac segment there is ordinarily some part of 
the ascending aorta. The aortic valve is situated at a variable distance 
within the shadow of the heart. The lower left contour is constituted 
by the left ventricle. The segment above this is made up by the pulmo- 
nary artery, the contour of which, however, usually is separated from the 
left ventricular contour by a short segment which does not opacify in 
the usual angiocardiogram, and most likely represents the left auricular 
appendage. The pulmonary valve also is hidden in the shadow of the 
heart. The pulmonary conus, which is the part of the right ventricle 
adjacent to the valve, does not form a pail of the cardiac contour. In 
a few cases the descending branch of the left pulmonary artery may bo 
projected so that its shadow merges with that of the pulmonary artery, 
and actually forms the contour of the middle left cardiac segment. As 
the subject is rotated into the right, anterior oblique position, the pul- 
monary artery becomes the entire middle left are. Only as the right 
lateral position is approached does the pulmonary conus also come into 
contour below the pulmonary artery. .Since it is part of the right ven- 
tricle, its contraction is ventricular in phase, and is differentiated from 
the pulsation of the pulmonary artery above it, but not from the con- 
tract ion of the left- ■ventricle below it. In the left anterior oblique posi- 
tion the right -ventricle may constitute part of tire most caudad anterior 
contour in some cases. Angiocardiographic study suggests, however, 
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that most often the latter is obscured by the right auricular shadow. 
The lower left border in this position is made up by the left ventricle. 
There is no way to identify the boundaries of the right ventricle in this 
view. The so-called interventricular groove which is thought by some 
to be demonstrable in deep inspiration does not correspond to the posi- 
tion of the interventricular septum as seen angiocardiographically. 2 



LEFT VENTRICLE RIGHT VENTRICLE 


Pig-. 1A.— Analysis of the cardiac contours based upon angiocardiograms compared 
with a model of' the heart rotated into a corresponding position. Posteroanterior 
view. (Right ventricle open.) 

In the absence of calcification there is no way to establish the posi- 
tion of the cardiac valves, and any geometric patterns which may be 
traced through arbitrarily defined points have no anatomic counterparts. 

PREDOMINANT ENLARGEMENT OF THE RIGHT VENTRICLE 

The light ventricle is enlarged • characteristically in cor pulmonale. 
Even in this condition, the ease for study must be chosen carefully to 
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avoid a confusing left ventricular dilatation dvie 1o coronary sclerosis or 
hypertension. In the suitable ease, when the right ventricle is the only 
chamber significantly enlarged, in the posferoanlerior view the heart is 
found to be widened mainly to the left, and there is a prominence of 
the pulmonary artery segment of the middle left contour. The cardiac 
enlargement is seen also in the left oblique position, where, particularly, 
the portion of the heart merging with the shadow of the diaphragm is 
widened without protruding into the re trocardiae space. Analysis of 
the angiocardiograms shows that prominence of the pulmonary artery 
segment actually is due to dilatation of the pulmonary artery, which, 
in addition, is elevated above the usual position of this vessel." Appar- 
ently, the elevation results from the fact that the right ventricle, which 
is dilated in all diameters, raises the artery above it. The artery also 
becomes tortuous, which tends further to exaggerate its convex contour. 



I-ij,'. Hi. PJKl.t lateral anijioearJi OKrain. The model Ik turned into the left Intend 
j»o«itir>n to fihov,- the left auricle. (Left ventricle open.) 


The dilated right ventricle is hidden 


within the cardiac shadow in the 


posteroanterior and left, oblique positions, and cannot be defined by any 
points on the contours. Only in the marked right oblique position does 
it fonn part of the contour in the pulmonaiy conus region. Then, as 
the patient is rotated into the lateral position, it occupies the entire 
anterior surface of the heart, obliterating the retrosternal space (Pig. 
2), Enlargement of the heart to the right does not. appear ordinarily 
until there is frank right-sided heart failure. It is demonstrable earliest 
in the left anterior oblique position, and apparently is associated uni- 
t onnly with dilatation ot both the right ventricle and the right, auricle. 
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. The same phenomena can be studied in connection with congenital 
pulmonic stenosis, which, for this purpose, need not be an isolated con- 
dition, for a complicating interventricular septal defect does not ma- 
terially change the findings. In these conditions marked enlargement 
of the right ventricle is found anatomically. Roentgenologicallv the 
heart is enlarged to the left. There is no enlargement to the right, 







Cases of isolated pulmonic stenosis. 

the pulmonary artery. ' 
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either in the posleroanterior or in the left oblique positions. When the 
right, ventricular enlargement is mainly hypertrophy, as in the tetralogy 
of Fallot, the base of the heart just below the level of the pulmonary 
artery may not be significantly widened. If, however, there is also 
dilatation, as in isolated pulmonic stenosis, the base of the heart, is 
widened. When, in addition, there is a poststenotic dilatation of the 
pulmonary artery, the middle left segment becomes very prominent, 
and the configuration cannot he differentiated roentgenologically from 
that of cor pulmonale as it is seen in emphysema or pulmonary fibrosis 
(Fig. 3). 



W-: 

! V- 

. Vu - ...... 

/ CV ,r pulmonale secondary to pulmonary fibrosis. Post-mortem examination 

...i Lii , ll .V irk ?,V I nI urpornr.nl of t ho riciit ventricle. The left cardiac chambers were 
onlv sliclitly dilated and hypertrophied. 

•Since the right ventricle does not come into contour in any positions 
except the right anterior oblique and the right lateral, it follows that 
milder degrees of enlargement of this chamber will be demonstrated, 
it at all, only bv displacement of adjacent chambers. For this reason, 
even moderate enlargement may be difficult to demonstrate and to 
differentiate trom enlargement of the left ventricle. Occasionally, in 
the lateral view, obliteration of the retrosternal space will point to 
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right ventricular dilatation, in contrast to the large left ventricle, 
which intrudes into the retrocardiae space. The latter is demonstrated 
better in the left oblique view. Furthermore, in the posteroanterior 
view, widening of the heart just below the level of the pulmonary 
artery also may point to enlargement of the right ventricle. Neither 
of these criteria, however, is of great value when the dilatation is 
moderate and when the chest is barrel-shaped and emphysematous. 
To illustrate this conclusion we cite the fact that, in chronic emphy- 
sema, pathologically the right ventricle is found to be dilated in a 
high proportion of cases. Nevertheless, radiologically the heart often 
does not appear enlarged. Only when prominence of the pulmonary 
artery segment is taken as an indication of right ventricular enlarge- 
ment, as Parkinson and Hoyle 1 suggested, is the incidence of right 
ventricular change as frequent as the anatomic data would lead one 
to expect. Fortunately, this criterion is generally valid because, in 
emphysema, the pulmonary artery is likely to be dilated when the 
right ventricle is enlarged. In the absence of pulmonary artery dilata- 
tion, the only indication of moderate right ventricular dilatation in 
emphysema is enlargement of the heart to the left, but this evidence 
is useless unless clinical data exclude dilatation of the left ventricle, 
and a pulmonary disease is present in which cor pulmonale might be 
expected (Fig. 4). 


LEFT AURICULAR DILATATION 

The outstanding example of predominant dilatation of the left auricle 
occurs in mitral stenosis. Roentgenologically it is characterized by a 
straightening or convexity of the middle left cardiac contour in the 
posteroanterior and right oblique positions. The chamber may be 
visualized as a dense area within the cardiac shadow; sometimes it 
projects to the right, and overlaps the right auricular contour. The 
left main bronchus is elevated, but this is seen better in the left oblique 
position. In the right oblique and right lateral positions the retro- 
cardiac space is encroached upon. The esophagus is displaced jDoste- 
riorly, as well as to the right, and is compressed. Angiocardiograms 
show that the pulmonary artery is elongated, elevated, and bowed 
anteriorly. 5 It is not ordinarily dilated to any marked degree. The 
right ventricle also is bowed anteriorly. Except when the left auricle 
is seen directly, the most accurate criterion of its size is the position 
of the esophagus. This must be observed critically, however. The 
impression made on the anterior surface of the esophagus by a pre- 
dominantly enlarged left auricle is ordinarily sharply localized. It 
begins immediately below the level of the left bronchus and ends well 
above the diaphragm. 

The right ventricle remains only moderately enlarged in mitral dis- 
ease until advanced failure supervenes. Since the left auricle displaces 
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the right ventricle anteriorly, the size of the ventricle cannot be ascer- 
tained accurately roenl genologically. Occasionally it may be possible 
to judge the extent to which it contributes to the heart shadow by 
subtracting the contribution of the left auricle, visualized as a dense 
shadow, or suggested by the positions of the esophagus and of the left 
main bronchus. It may be assumed, also, that the larger the left 
auricle, the more likely it is that the right ventricle is dilated and 
hypertrophied. Enlargement of the heart to the right and anteriorly, 
judged from the left oblique position, often results entirely from dis- 
placement of the right, chambers by a huge left auricle, rather than by 
enlargement of the right auricle and right ventricle, as is assumed 
ordinarily. In the same way, the left ventricle may appear large as 
the result of displacement, although generally this does not happen 
to the same extent as with the j'ight chambers. 

LEFT VENTRICULAR ENLARGEMENT 

Left ventricular enlargement may take the form of concentric hyper- 
trophy, with little or no dilatation (usually associated with hyperten- 
sion), or eccentric hypertrophy with dilatation. The roentgenologic 
diagnosis of concentric hypertrophy is made with difficulty. Until 
there is significant increase in the volume of the heart, which does 
not occur with concentric hypertrophy alone, the roentgenologic diag- 
nosis must be based upon the shape of the left ventricular contour. 
This becomes rounded as it is seen in the posteroanterior view, or some- 
what better in the left anterior oblique position. However, the degree 
of “rounding” of a curve is difficult to define for practical purposes, 
and, considered critically, the observation is of limited value. It is 
fortunate that enlargement due to mild hypertrophy in hypertension 
is of no great significance clinically in so far as the cardiac status is 
concerned. A progressive increase in the size of the left ventricle in 
hypertension is accompanied by widening to the left and increase 
in length, and generally can be attributed to an associated aortic in- 
sufficiency or to coronary insufficiency. "When hypertrophy is marked, 
so that cardiac volume increases, enlargement is easily detectable by 
correlating the usual measurements with habitus. The ventricle be- 
comes elongated as well as rounded, and the apex cannot be separated 
from the gastric air bubble in deep inspiration fFig. 5). 

Concentric hypertrophy with dilatation is manifested first by an in- 
crea.se in the size of the ventricle, particularly in its long diameter. 
The ineiease in length is accompanied roentgenologiealJy by enlarge- 
ment to the left and posteriorly. In order to demonstrate this by 
measurement, it has been suggested that the length of the heart as a 
whole (h) be compared with the transverse diameter (T). A long 
diameter, moie than 10 per cent longer than the transverse diameter, 
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is. used to indicate enlargement of the left ventricle. Careful meas- 
urements by ns, however, failed to confirm the value of this observa- 
tion, which is not surprising when the definition of the long diameter 
of the heart is considered. The right cardiae-supracardiae junction 
lias no constant relationship whatsoever to the position of the aortic 
valve; the. latter is deep in the shadow of the heart, and its location is 
unpredictable- unless it is calcified. Hence, the long diameter is not 
a measurement of the length of the left ventricle. Furthermore, a 
complicating feature is the fact that the long diameter is not mathe- 
matically independent of the transverse diameter. Therefore, until 



mg', g, — Marked hypertension in a case of coarctation of the aorta. The patient was 

asymptomatic. 

the increased volume is detectable by measurement of the area of the 
whole heart, it is necessary to rely upon visual impression to ascertain 
whether -the shape- of the left ventricular contour is abnormal and 
whether it intrudes into the gastric air bubble excessively. Further 
left ventricular enlargement is manifested by widening to the left and 
posteriorly. 
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DISCUSSION* 

In view of the above data, it is well to reconsider what information 
is made available by cardiac roentgenology. The examination should 
provide fairly accurate answers to the following questions: 

1. Ts the heart enlarged? If so, is the enlargement mainly to the 
left, or is the right side also widened? Is it enlarged at the base just 
below the level of the pulmonary artery? 

2. Is the shape of the heart abnormal when the patient is turned 
through various positions? 

3. Is the left auricle enlarged? 

4. Is the pulmonary artery dilated ? 

5. Are pulsations abnormal in any segments? (Discussion will be 
limited to myocardial infarction.) - 

From these data alone certain conclusions can lie drawn. Predomi- 
nant enlargement of the left auricle ordinarily indicates the, presence 
of a mitral lesion, which may or may not be associated with other 
abnormalities. ; There ai’e very few exceptions. For example, the 
chamber may be enlarged when the ductus arteriosus is patent and 
there is no mitral disease. 0 On the other hand, when it is enlarged in 
conjunction with an atrial septal defect, the mitral valve also is likely 
to be deformed. It is important to recognize certain variations in the 
position of the esophagus which simulate pressure by the left auricle 
alone. For example, the generally dilated heart will displace the 
esophagus posteriorly as a whole. In an occasional normal person 
there may be a gentle posterior bowing. In older persons the esopha- 
gus may be adherent to the descending aorta and therefore be dis- 
placed posteriorly; however, in this event, in the left oblique position 
it is seen to bte -separate from the heart and adjacent to the aorta. 
Ihcse conditions may be differentiated from the predominantly en- 
larged left auricle by the sharply localized pressure of the latter. On 
the other hand, it must lie emphasized that lack of demonstrable en- 
largement does not exclude mitral disease. There may be no demon- 
strable left auricular enlargement with an early or functionally in- 
significant lesion. 

The conditions without left auricular enlargement may be discussed 
in connection with whether or not pulmonary artery dilatation is 
present. Ordinarily, when the pulmonary artery is dilated the right 
■\entriele also is enlarged. Exceptions are few. In eases of patency 
of the ductus arteriosus, in 50 per cent of which there is dilatation of 
the artery, it is the left ventricle, rather than the right, which is en- 
larged/ IN ilh idiopathic pulmonary artery dilatation there may be 
no significant chamber enlargement.'’ The prominent pulmonary artery 
segment which is seen in some normal adolescents and in 0 raves ’ 
disease may present a roentgenologic problem because it might be 
thought to indicate a mitral or a congenital lesion. As far as mitral 
disease is concerned, a predominant pulmonary artery segment is due 
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to left auricular enlargement, which is, therefore, the more important 
consideration. Differentiation from a congenital lesion is a clinical 
rather than a roentgenologic problem. 

As far as left ventricular enlargement is concerned, in general, when 
the heart muscle is not impaired and when dilatation is due to an 
increase in the stroke output, the ventricle is lengthened in proportion 
to its width. This abnormality often represents a physiologic reaction, 
and is reversible when the increased stroke output returns to normal. 
On the other hand, myocardial damage with left ventricular dilatation 
is associated with widening of the cardiac shadow to the left and a 
transverse position of the axis of the heart. Indeed, in the absence 



Fig, 6. — Left ventricular aneurysm due to coronary occlusion, associated with a 
huge left ventricle. The patient suffers only mild dyspnea and fatigue. Aside from 
two attacks of fresh coronary occlusion, there has been no change in the symptoms 
during the past fifteen years. 

of aortic insufficiency this configuration usually can be attributed to 
myocardial disease. (The vitamin, mineral, and endocrine deficiencies 
are excluded from discussion.) It may be said, in general, that, in 
the clinical evaluation of a patient, it is extremely important to know 
the size and shape of the left ventricle, and the roentgenologic exami- 
nation gives these data accurately. Percussion and palpation are not 
trustworthy. On the other hand, when the size of the left ventricle 
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is established, differential diagnosis is not aided greatly nor is any 
information made available in the individual case, from the roent- 
genologic observation alone, as to the functional capacity of the heart 
or prognosis (Fig. 6). This statement is not intended to minimize the 
importance of knowing the size of the left ventricle when it is con- 
sidered in the light of the clinical diagnosis and other clinical data. 

Fluoroscopic examination and, more accurately, the roentgenkymo- 
gram give information regarding the condition of the left ventricular 
muscle by observation of pulsation. There is no doubt that ordinarily 
this information is obtained more quickly and accurately from the 
clinical examination and the electrocardiogram. Occasionally, how- 
ever, when these data are equivocal, an abnormal pulsation will be the 
only objective evidence of muscle damage, and, at leasl from the 
medicolegal point of view, may be very important when found. On the 
other hand, roentgenkymograins give no indication of functional ca- 
pacity or of the possibility of future cardiac insults/' 


CONCLUSION 


It is generally realized at the present time that roentgenologic ex- 
amination of an organ in most instances is only part of the clinical 
examination. This is true particularly of roentgenologic examination 
of the heart. The current criteria for the roentgenologic diagnosis of 
heart disease are based often upon physiologic reconstructions which 
do not occur as simply in practice. Certain important modifications 
have been suggested as the result of angiocardiographic study. There 
is no reason to use a method beyond its proper limits to extract in- 
formation which is of questionable accuracy and which can be obtained 
more easily by other means. Hence, it is when the roentgenologic 
observations are considered critically as part of other clinical data 
that the examination is of real value. Alone, it may be insignificant 
or even misleading. 
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OBSERVATIONS ON THE MECHANISM OF THE PHYSIOLOGIC 

THIRD HEART SOUND 

John R. Smith, M.D. 

St. Louis, Mo. 

A LTHOUGH studies Oil the physiologic third heart sound have been 
carried on for many years, there has been no unanimity of opinion 
as to its cause. In 1907, Gibson 1 came upon the third heart sound in 
young athletes and in persons convalescing from infectious disease. He 
recognized the sound on auscultation after his attention had been drawn 
to it. by waves interposed between the v and a waves in the jugular 
pulse. Gibson considered that the third heart sound may be caused by 
the floating shut of the auriculoventricular valves during rapid ven- 
tricular Ailing in early diastole. Almost at the same time, Hirschfelder 2 
observed h waves in the venous pulse; he suggested that these waves 
might arise from the momentary diastolic shutting of the cuspid valves, 
which, in turn, might produce a third heart sound. However, he cau- 
tioned that there was no proof for this suggestion. Two years later, 
Thayer 3 concluded that the third heart sound was valvular in origin. 
Einthoven 4 studied the problem with a phonocardiograph. He consid- 
ered the most likely cause of the third sound to be stretching and snap- 
ping of the closed semilunar valve membranes in early diastole. 

In recent years, other observers have postulated that the third heart 
sound may be muscular in origin. 5 ' 8 The suggestion was made that, in 
early diastole, the rapidly distending myocardium becomes suddenly 
taut, producing audible vibrations. Leonhardt 8 observed regular,, sharp, 
outward movements of the ventricular wall of the dog heart which coin- 
cided with a third heart sound. Lewis and Dock, 9 however, studying 
the origin of heart sounds, concluded that any sound arising from the 
heart must be valvular in origin because the ventricular myocardium is 
too thick to permit sudden motions to produce audible vibrations. Re- 
cently, Boyer, Eckstein, and Wiggers 10 suggested that the third sound 
might arise from the impact of the heart against the chest wall. This 
idea was' subsequently investigated by Boyer, 11 who was able to record 
the third heart sound from the exposed, beating dog heart; he felt that 
the sound arose from the cardiac wall. 

In order to study further the mechanism of the physiologic third 
heart sound, the following experiments were performed. 

From the Department of Internal Medicine, Washington University School of Medi- 
cine. ■ 
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METHODS 

Dogs were anesthetized with veterinary nembutal. In each experi- 
ment the thorax was opened to expose the heart, and an ordinary 
Starling heart-lung preparation was set up. The heart-lung prepara- 
tion was used so that a slower ventricular rale and optimum blood 
pressure and cardiac output could be maintained for the production of 
clearly recognizable heart sounds. 

The heart sounds were recorded directly from the left ventricular 
myocardium by means of a Wiggers-Dean capsule. 12 The capsule was 
connected by flexible rubber tubing, about 70 cm. long, to a small glass 
funnel (2 cm. in diameter) which was placed on the left ventricle im- 
mediately above the apex. The capsule membrane was prepared in the 
usual way; 12 a small mirror (1 mm. square) was applied to the mem- 
brane at one edge. Because of the intensity of the heart sounds when 
they are recorded directly from the heart, it was necessary to render 
the system less sensitive by placing the mirror as close to the edge of 
the capsule as possible. The membranes showed a natural frequency of 
75 to 85 cycles per second, and were adequately sensitive for our pur- 
pose. A suitable optical system was utilized to reflect a light beam 
from the capsule mirror into an electrocardiographic photokymograph. 

The recorded heart sounds were synchronized with electrocardio- 
graphic tracings in order to record the events of the cardiac cycle when 
the heart was beating empty. This was accomplished by embedding one 
electrode in the right shoulder muscles; the other electrode was inserted 
into the muscle of the diaphragm in the midline. The heart sounds and 
electrocardiograms were recorded on the same bromide paper strip. 

It seemed desirable to eliminate the possibility that motion of the 
aurieuloventricular valves may produce the third heart sound. Valve 
motion was prevented by means of special valve “splints.” The 
“splints” were small discs, 1 cm. in diameter, to which rods were at- 
tached perpendicularly at the centers. The discs were then passed 
through small incisions in the right and left auricular appendages and 
were pushed into the ventricular cavities. When in place, the splints 
were so small that ventricular function was not hindered; with the heart 
heating empty, traction could be applied to the rods to hold the valves 
in a position of closure and to prevent any motion of the membranes. 
After each experiment the heart was incised and the position of the 
splints was verified. 

During each manipulation of the experiments, careful auscultation 
was earned out on each heart in order to' confirm sound elements noted 
in the curves. 


RESULTS 

The Third II carl Hound in the Normally Beating Heart . — When the 
bell of a stethoscope was placed on the left ventricle above the apex, 
a Hurd heart sound was invariably heard in early diastole. This sound 
was distinct from the second heart sound. It seemed short and dull, 
with a quality of sound like a short puff or pud, and was less intense 
than either the first or second heart sounds. Sudden distention of the 
ventricles occurred simultaneously with the third sound, as nearly as 
one could judge by concomitant auscultation and inspection of the heart. 
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Records of the heart sounds (also taken from the left ventricle just 
superior lo the apex) showed the first sound as a group of large, peaked 
deflections followed by the finer deflections of the second sound (marked 
as 1 and 2 in Fig. 1). The first sound waves accompany and imme- 
diately follow the R wave of the electrocardiogram; the second sound 
occurs at the peak of, or on the descending limb of, the T wave. The 
deflection representing the third heart sound follows the second sound 
by approximately 0.08 to 0.15 second. Jn the records it usually ap- 
peared as a simple, peaked wave, inverted or upright, often preceded 
and followed by smaller spikes in opposite direction to the higher point. 
Occasionally the third souiid wave was diphasic in contour. The ampli- 
tude of the wave was generally somewhat less than that of the second 
heart sound. 

Considering all of these factors, .it seemed probable that the deflection 
occurring in early diastole represented' the physiologic third heart sound. 

Effect on the Third Heart Hound of Preventing Venous Inflow and. 
Splinting of the A-V Valves . — Studies with the valves immobilized and 
the heart beating empty were carried out on seven preparations. Con- 
tinuous' tracings were made throughout the procedure. When control 
records (and auscultation) had been made with the valve splints in the 
ventricular cavities and with the heart beating normally, the venous- 
inflow into the heart was shut off. Tension was applied to the splints 
when the cardiac output had become nil. On auscultation, within a few 
beats after stopping the venous inflow, there was an’ abrupt diminution, 
then complete absence, of the second heart sound. The first sound re- 
mained clear, but seemed shorter and more dull. The third heart sound 
remained distinctly audible, although less intense; it persisted, along 
with the first sound, as long as mvocardial contraction remained vigor- 
ous. With re-establishment of venous inflow and release of the cuspid 
valves; the second heart sound returned as blood pressure was restored; 
the first and third heart sounds became sharper and more intense. 

I-ig. 2 shows a continuous tracing of one of these experiments. Jn 
the control tracing (A) the first and second heart sound deflections are 
readily identified by their sharp, peaked profiles and by correlation with 
the electrocardiogram. The third heart sound is represented by a steeply 
in verted, pointed wave, following the second sound by about 0.1 second, 
and occurring just after the T wave. When venous inflow was stopped 
and the A-\ valves splinted, the second heart sound was lost within a 
lav. beats (B). However, the third heart sound persisted, becoming 
shallow ci and less sharp (although audible). The finer serrations of the 
first heart sound disappeared, leaving the coarser waves. With the res- 
toration of venous inflow and cessation of tension on the A-V valves, 
myocardial efficiency was quickly restored (fj and I)) - the second heart 
sound waves returned, the third sound waves became deeper, and the 
entire curve resumed its “normal” shape. 
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The Third Heart Sound in the Empty, Beating Heart Without Valve 
Immobilization. — In seven heart-lung preparations, venous inflow was 
stopped without splinting of the cuspid valves. .Tn each experiment the 
first and third heart sound waves were found to persist while the heart 
was heating empty: the second sound disappeared with loss of blood 
pressure. The recorded tracings did not differ materially from those 
obtained from the empty beating heart with the valves immobilized. As 
with the former experiment, the first and third heart sounds could be 
heard during the period when there was no inflow into the heart. 


DISCUSSION 


The accurate identification of any “sound" arising from the heart 
will depend on (1) audibility, and (2) the graphic recording of the 
“sound” so that it may be studied with respect to other heart sounds 
and to the cardiac cycle. These conditions appear to have been fulfilled 
with regard to an early diastolic heart sound in the exposed, beating 
dog heart. 

The third heart sound, on the tracings, always appeared in simpler 
contour than the first or second heart sound deflections (Fig. I). Gen- 
erally, a dominant upright or inverted, pointed wave occurred, often 
preceded and followed by smaller peaked deflections in opposite phase. 
When 1 he heart beat empty, the third sound waves became of less 
amplitude (although retaining a pointed contour), and the smaller 
opposing waves were lost (Fig. 2). More important is the fact that a 
sound, in early diastole, was audible as long as the strength of myo- 
cardial contraction was maintained. 


The persistence of the diastolic sound with the heart beating empty 
and with arrest of motion of the auriculoventricular valves introduces 
' the possibility that the sound arises from the heart wall. Experimental 
evidence suggests that sounds from myocardial contraction may be 
recorded as simple waves with steep, sharply defined onsets. Smith, 
Gilson, and Kountz 11 studied the muscular element of the first heart 


sound by introducing balloons into the ventricular cavities and inflating 
the balloons to restrain all motion of the auriculoventricular valves. The 
sounds were recorded with a cathode-ray oscillograph. They found that 


a short, dull sound could be heard at the onset of systole, corresponding 
to the time of the first heart sound when the valves were thus immo- 
bilized. They further observed that a sharp, single decrement occurred 
in the oscillographic tracing synchronous with the sound. These ob- 
servers postulated that the myocardial muscle fibers may represent, in 
a sense, a vast number of lax cables: when the muscle contracts, the 
lax fibers become suddenly taut in toto, producing audible vibrations. 

Gilson” has recently observed the sharpness and dullness of clicks 
developed from simple electrical wave forms. He used a triode ampli- 
fying tube, so arranged that a telephone receiver was activated by the 
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plate current; upon opening a switch in the grid circuit, the plate 
current increased along a somewhat S-shaped time course; the rise at 
the foot of the curve was much more abrupt than was the approach to 
'plateau level. The conclusion was reached that the click produced by 
the current change was represented by the upswing early in the curve. 
The sound was a click which had a sharper or duller quality according 
1o whether the onset of electrical change was more sudden or more 
gradual. From these observations, it seems quite probable that the 
dull or sharp quality of a heart sound, such as the third sound as 
recorded in these experiments, may be due to relatively simple impact 
phenomena; other vibrations may be superimposed on these to modify 
the general quality of the heart sound. It also offers clarity to the 
fact that the rather simple wave forms which occur at the onset of 
systole and in early diastole, with valvular elements eliminated, have 
definite acoustic properties. 

With this experimental evidence at hand, it appears that the third 
heart sound, at least in part, arises from the heart wall. Furthermore, 
since, the third sound occurs at the time of rapid ventricular filling, it 
, is possible that abrupt stretching of the myocardium produces the sound, 
as was suggested by earlier investigators.'" 8 

Boyer 11 was able to record third sounds directly from the myocardium 
by using a small, shallow bell placed on the heart. In addition, he 
found that a sound, identical with the third heart sound, occurred when 
the heart was allowed to strike the receiving bell gently. The force 
necessary to produce this sound was extremely small. Since third 
heart sounds were also noted when the heart was placed in a glass 
eardiometer, where no impacts were possible, he concluded that the 
phenomenon arose from the heart wall. Our conclusions are in essen- 
tial agreement with his. On the other hand, Dock 15 and Lewis and 
Dock 9 have contended that the myocardium is so thick that its move- 
ments do not produce sounds. They state that motion of the valves 
is the only possible source of sound from the heart. Although valvular 
elements contribute largely to the first sound, and probably entirely 
to the - second sound, 13 this does not appear to be true of the early 
diastolic third heart sound recorded from the dog heart. Dock’s con- 
tention, therefore, is not supported by the observations of Boyer 11 nor 
by the experiments reported here. Indeed, it seems definite that any 
motion of the heart, whether valvular or muscular, may produce a 
sound, provided the motion is of sufficient strength and abruptness 
of onset. 

These experiments emphasize again the presence of elements initiated 
by the heart wall in the first heart sound. The first, as well as the 
third, sound w r as noted in the procedures involving restraint of the 
cuspid valve leaflets, -and the resulting first sound wave became nearly 
as simple as the deflection of the third heart sound. 
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SUMMARY 

Aii early diastolic third heart sound was heard on direct ausculta- 
tion of the left ventricle of the heart-lung' preparation. Tracings of 
the heart sounds, using a Wiggers-Dean capsule, showed a deflection 
early in diastole which was apparently synchronous with the sound. 

When blood flow into the heart was cut off, so that the heart heat 
empty, and motion of the cuspid valves was eliminated bv splinting 
of the leaflets, the first and third sounds persisted. 

It was concluded, therefore, that the third heart sound, as recorded 
from the normally beating dog heart, may arise from the heart wall. 
The observations further indicated that a mechanical disturbance of 
apparently simple wave form may have acoustic value, and that the 
third heart sound is often of this form. 

The author wishes to express his gratitude to Dr. Arthur S. Gilson, Jr., Depart- 
ment of Physiology, for his assistance in this work. 
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Clinical Reports 


CLINICAL ARREST OF ENDOCARDITIS LENTA 
BY PENICILLIN 


Ward J, Mac Neal, M.D., Anne Blevins, R.N., and 
Charles A. Poindexter, M.D. 

New York, N. Y. 


F LOREY and Florey 1 reported the use of penicillin in the treatment 
of one patient (Case 15) with endocarditis due to Streptococcus 
viridans. The penicillin was administered at intervals of one to three 
hours for thirty days (total dose, 4,670,000 units). During this time 
there was marked improvement. After the penicillin was discontinued, 
the temperature mounted to its original height in a week, appetite was 
lost, and the blood culture again became positive at the end of three 
weeks. The patient died after another three weeks. The streptococcus 
apparently developed a considerable resistance to the penicillin. 

Keefer and his committee 2 reported disappointing results in the treat- 
ment of endocarditis with penicillin. Loewe and his associates, 3 on the 
other hand, have reported a series of unbroken successes in the treatment 
of bacterial endocarditis with penicillin and heparin, and, more recently, 4 
have reported observations on a larger number of patients with only a 
few failures. 

During many years of continued study of endocarditis, we have 
observed very few survivals. In our series there have been two ex- 
amples of recovery from clinically evident staphylococcic endocarditis 
and three recoveries from meningococeie endocarditis; all five patients 
were well at the last report, two to six years after apparent cuie.. In 
all five the diagnosis was based on clinical signs and persistently positive 
blood cultures. Until 1943, we had not observed a single instance of 
genuine arrest of endocarditis due to Streptococcus salivanus^ which is 
evidently the commonest form of so-called subacute bacterial endo- 
carditis. At present ive have under observation several patients in 
this category in whom the course of the disease has been favorably in- 
fluenced by the use of penicillin. A detailed report of one example of 
apparent arrest of the disease would seem to be of scientific as well 
as of general human interest, particularly because the successful treat- 
ment in this case followed a long period of deterioration which was 
thought to have attained the terminal stage. 


Aided by a Research Grant from the United Hospital Eund of ^ ^Yharm a cy^and 
Grant No. 500 of the Committee on Therapeutic Research, Council on pnarmacj 
Chemistry, American Medical Association. 

Presented in part before the New York Heart Association, New York, Feb. 1, 1944. 

Received for publication June 17, 1944. , T „ „ . 

Prom the Department of Bacteriology and the Department of Medicine, Nev, Tore 
Post-Graduate Medical School and Hospital, Columbia Lm\ersit>. 
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CASE REPORT 


M. F.. aged 32 years, a graduate nurse and the wife of a physician, 
previously healthy' and without signs of cardiac defect, had an inflamed 
tooth extracted, in the usual sitting position, on Feb. 22, 1943. After 
this there was a persistent fever: this was at first ascribed to osteomyeli- 
tis of the jaw, but, after the development of a mitral murmur and the 
recovery of bacteria from the blood, it was recognized as the fever of 
bacterial endocarditis. The patient was admitted to the New Fork 
Post-Graduate Hospital on April 30, 1943, with the diagnosis already 
established. The most important subsequent observations are indicated 
on the graphic charts. 

The pex-iod from April 30 to May 31 shows the sort of record that 
is commonly observed when a sulfonamide is administered. The systolic 
murmur, the positive blood culture on April 30, the petechia in the 
finger on May 1, and the accelerated erythrocyte sedimentation rate on 
May 3, along with elevated temperature and pulse rate, present a charac- 
teristic picture. Sulfadiazine, in a dose of 6 Gm. per day, with strict 
rest in bed, brought about some amelioration, but the bacteria persisted 
in the blood stream (12 per milliliter on May 17, and 18 per milliliter 
on May 24). The abnormal sedimentation rate remained evident arid a 
new embolic spot appeared on May 16. On May 17 the administration 
of thiobismol, in a dose of 15 mg. twice daily by intravenous injection, 
was initiated, and. on May 1.9, intravenous injections of small amounts 
of cit rated blood*' were begun. The detail of these treatments may be 
followed in the charts. 


In the next thirty-two days, from June 1 to July 2, there was more 
evidence of deterioration. Embolism to the brain on June 1. and the 
development of d.vsuria on June 6 caused us to discontinue the sulfa- 
diazine. An antivirus filtrate, prepared by filtering an old autolyzed- 
culture of the specific streptococcus, was given by daily intravenous 
injection from June 5. Xeoarsphenamine in small doses was substituted 
tor the thiobismol from June 9 to 12. The temperature attained a 
higher level: many conjunctiva! petechiae appeared; there was blurred 
vision and. on June 14. a hemorrhagic spot, appeared in the right ocular 
Hindus; the blood pressure fell, and emaciation rapidly progressed. 

I he blood culture of June 14 developed 90 colonies per milliliter of 
blood. Chills and vomiting added to the distress of the patient. She 
i’cccjvf.f] fii(» last rites of the Church on June 18. Jn desperation, the 
suitaobizine was started again on June 22, but was quickly discontinued. 
j bmited quantity of partially processed penicillin became available on 
June 23, and this was found to exert a very powerful bacteriostatic 
eflect in vitro upon the streptococcus of this patient. Jt was therefore 
administered by intramuscular injection in small doses, estimated as 
; U0 u ’ 200 Oxford units, every three hours. The supply of blood for 
i ansinsion failed on June 28, and intravenous injections of an iron prep* 
aia ion "ere given. On July 1 bilateral retinal emboli occurred, result- 
ing m serious impairment, of vision. 

^ Injhc thirty-two days from July 3 to August 3 there were progres- 
o-i C ' 7 ^ mental confusion, a definite cerebral insult on July 

~ , splenic iniarction on July 31. and slight hematuria on August 3. 

Le available penicillin was sufficient for onlv small doses. The daily 
small transfusions doubtless helped to prolong life. The temperature 
tended iO a lover lose) after July 25. and one gained the impression 



MAC NEAL ET AL. : EDOCARDITIS LENTA AND PENICILLIN 671 

that the slightly larger doses of penicillin might be contributing some- 
thing of value. 

From August 4 to 15 there was distinct improvement, and every effort 
was made to obtain increased supplies of penicillin for the patient, but 
without success. It was necessary to reduce the dose to approximately 
100 units every three hours on August 15. The temperature rose and a 



Fig-. 1. 



Fig. 2. 



Fig. 3. 


severe infarction of the spleen on August 17 caused us to omit the 
transfusions for a time. By the last of August the end seemed near. 
Inability to take or to retain food, physical exhaustion, and emaciation 
were extreme. At this time, however, we received word of encourage- 
ment in regard to supplies of penicillin, but the immediate change in 
the situation resulted in complete lack of this drug from September 4 
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Fig;. 8. 



Figr. 9. 
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The period from September 5 to October 6 included the turning point 
from utter despair to encouraged optimism. The period of total lack of 
penicillin was terminated on September 9 by the miraculous renewal of 
the former meager supply, which was, however, inadequate to halt the 
progress of deterioration. The blood culture on September 6 developed 
75 colonies per milliliter of the patient’s blood, that taken on September 
13 developed 148 colonies, and one taken on September 16 developed 
290 colonies per milliliter. However, on September 15, a dramatic 
release of the supply of penicillin permitted the administration of 11,000 
units from an icejaeket container by intravenous drip from 2:30 p.m., 
September 15, to 8:30 a.m. on September 16. This was followed by 
44,000 units from noon to midnight. Then there was an interruption 
due to technical trouble with the drip. This was started again at 10:30 
a.m. on September 17, and continued with some irregularity until 4:00 
a.m., September 18, 8 when a total of 40,000 units in 1,000 ml. of saline 
had been given. Again there was an interruption. However, at 8:15 
a.m. on September 18, the administration was systematically arranged so 
that the penicillin could be given every hour by direct intravenous 
injection during the day and by injection into the rubber tube of the 
saline infusion during the night without interruption. This program 
was followed until September 27, with an increase of penicillin to 3,000 
units per hour for a short time on September 25, and then 2,500 units 
per hour to September 27. This technical method would appear to he 
most economical with respect to the expenditure of penicillin, but it 
required almost constant attention. Furthermore, the continuous in- 
fusion at night was resented by the patient as she became more alert. 
On September 27, the technique was revised so that the penicillin was 
given every two hours, by direct intravenous injection when convenient 
and by intramuscular injection at other times, ordinarily at night. In- 
terruption of sleep at night proved not to be very serious for the patient. 



j-itr. io. 


The response was very dramatic. The fever declined on September 
r i ‘ i ’ °' K ''ultnre taken on September 20 remained sterile, as 
did all subsequent blood cultures. There was evidence of pulmonary 
con ae, iion and possibly pneumonia, with abundant sputum, on Sep- 
f ember 19 and 20. i lie blood pressure rose to 123/80 on September 20. 

lne period iroin October 7 to November 7 was one of slow convales- 
cence, v.ifh gradual im-n-asc in weight and return to normal of the 
sedimentation rate. On October 18. the penicillin program was changed' 
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lo allow intervals of four hours between doses at night, and, on October 
30, the dose previously given at 1 :30 p.m. was also discontinued. This 
saved annoyance to the patient and effort of the clinieal staff, but was 
probably not a makeshift to be recommended. 

From November 8 to December 9 was a period of uncertainty as to 
the best procedure. Success seemed assured if only we could continue 
on the proper course. The patient was eating well and gaining weight 
and strength, but was still very weak. Apparently she strained her 
right thigh on November 10 while getting back into bed, and femoral 
phlebitis was recognized on November 12. Activity was at once re- 
stricted and the dosage of penicillin increased. On November 16 there 
was a sharp rise in temperature, associated with chilly sensations and 
nausea. Pulmonary embolism was suspected, but this suspicion was not 
confirmed by physical examination. The sedimentation rate was dis- 
turbed at this time; it was 39 mm. per hour on November 16, and 57 
mm. per hour on November 18. The spleen, which had been easily 
palpated for several months, still remained hard and extended 3 cm. 
below the costal margin on November 19. It was no longer sensitive 
to palpation. Improvement was quickly re-established, and, after No- 
vember 26, the patient was up and about daily. There was a remark- 
able increase in her appetite, and the effect of this was reflected in 
the increased weight. 



F/g. u. 


In the period from December 10 to January 10 there was first the 
psychological problem of keeping the patient in the hospital, for as yet 
she seemed not to have realized the nature of her ailment. It was 
perhaps fortunate that a toothache developed on December 20, permit- 
timr the diversion of dental consultation and roentgenographic study 
of the entire mouth. It was decided to extract two adjacent oilending 
teeth. After stepping up the dose of penicillin these teeth were re- 
moved by Dr. Harold S. Vaughan on December 30. They were devita- 
lized teeth and came away in fragments after considerable trauma to 
the hone. Profuse and continuous hemorrhage followed, and the heino- 
globin fell from 81 per cent (13.5 Om.) on December 27 to 72 per cent. 
(12 xin. ) on January 3. The spleen could not be palpated on January 
3. or thereafter. 

The dose of penicillin was reduced to 3,000 units on January 7 and 
to 1,000 units on January 10, and the drug was discontinued on January 
17. The small transfusions were continued to correct the anemia, and, 
on January 26, menstruation, which had been absent since April, re- 
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appeared. The patient was discharged on January 30, at which time 
she weighed 51.8 kg. She has continued to improve. On February 27, 
she reported her weight as 125 pounds (56.8 kg.), as compared with a 
normal weight of 130 pounds before her illness. On June 15, 1944, she 




Fis. 1G. 



returned for examination. At this time she weighed 136 pounds (61-7 
kg.), and had been restricting her diet to avoid becoming obese. I he 
hemoglobin was 13 Grn. per 100 c.c. of blood; the erythrocyte count 
was 4,260,000 and the leucocyte count, 9,000. The blood pressure was 
160/103. The patient ascribed the elevation of blood pressure to excite- 
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ment. and slated that her systolic pressure at home a few days before 
had been 128. The loud systolic mitral murmur was present as before. 
Her general appearance was excellent, and she was planning to go 
north with her family for a vacation of two months. 


COMMENT 


For the treatment of this patient there were expended approximately 
4.864,000 units of penicillin, enough to terminate the active stage of 
inflammation in eighty cases of gonorrheal urethritis, an expenditure 
which may be deemed extravagant in the present emergency. We ven- 
ture to suggest, however, that the morale of the men on foreign duty 
may be bolstered somewhat by the thought that the wife of a medical 
officer on duty overseas and the mother of his children has been given 
a chance to survive to greet him on his return. There has been some 
question concerning the use of the sulfadiazine, tbiobismol, neoarsphena- 
mine, antivirus filtrate, and citrated blood. These agents were not of 
themselves adequate to overcome the disease in this case. They were 
employed because they have seemed to exert a helpful influence in our 
previous experience with numerous patients, and especially because of 
the results of therapeutic tests in experimental endocarditis in ani- 
mals/' 10 Our purpose was not merely to demonstrate the value of peni- 
cillin, but rather to preserve the life of the patient, and to ensure, if 
possible, a long period, of arrest in the activity of the infection. The 
r< -cord speaks for itself, and few will doubt the outstanding bactcrio- 
statjf effect of the penicillin, which was easily demonstrated in vitro as 
well as in vivo. We hope and believe that we have emd on the side 
of overtreatment, and, if the present state of arrest persists in this 
case, it will suggest that the therapeutic efforts were perhaps too elab- 
orate. 


Since improvement became evident in the case of M.F., there have 
come under our care fifteen more patients with endocarditis. Of these, 
there were nine in whom the infecting organism was Sir. salivariws, or a 
closely related type of streptococcus. Two of these patients are dead; 
throe are in the stage of clinical arrest and have been discharged from 
the hospital: four are still in the hospital under treatment or observa- 
tion. The other six patients had endocarditis in different etiological 
categories. Of these, one is dead, two are in the arrested state and dis- 
charged. and three are still under care in the hospital. All the dis- 
charged patients have been returning at regular intervals for examina- 
tion. Tv e have not selected the eases, and no patient has been refused 
or excluded because of the advanced staire of the disease. In general, 
we consider the prognosis more favorable in young persons and in those 
who have been ill only a short time. 


WV Anvti if it priv ilc*;;c- to r 
CrjK-fis County, Ire:., nn<] to th 
tv ho fnirtc available :<n 
jVllotr member. The penicillin 


v.'.Aut grateful sekrjowIeJgment to the BlooJ Bank of 
f: pUy-ician? of the Medical Society of flic County of 
'rtfrj'iate supply of blood for the wife of an absent 
v.as supplied from research allocations, muter grave 
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difficulties, by Bare Chemicals, Inc., of Flemington, New Jersey, and by Charles 
Pfizer and Company, Inc., of Brooklyn, New York. It is a peculiar pleasure to 
salute Mr. John L. Smith, Vice-President of Charles Pfizer and Company, who, 
because of his broad humanitarian vision and keen scientific interest in the prob- 
lem, deserves to be designated as the Abou ben Adhem of modem therapeutic 
research'-. in bacterial endocarditis. 
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Abstracts and Reviews 


Selected Abstracts 


Shuler, E. H.: Kupperman, H. S., and Hamilton, W, F.: Comparison of Direct 
and Indirect Blood Pressure Measurements in Eats. Am. J. Physiol. 141: 025, 
1944. 

.Simultaneous readings of systolic pressure of rats from the Williams, Harrison, 
Grollman apparatus and from direct arterial puncture showed that pressures obtained 
by them were too low and that the disagreement was variable. Addition of 40 ± 
10.7 mm. Hg to published figures will bring them to about the right value. 

Substitution of a 10 rnrn. cuff for the 40 mm. cuff or 20 mm. cuff gave readings 
which wore consistently 30.5 ± 5.0 mm. Jig low, and which were less variable. A 
5 mm. cuff gave much truer readings. They were accurate at 120 rnm. Hg, but 
somewhat too high above that level, and too low below that level. These errors 
can be corrected. The use of a J/, mm. capillary tube for the oncometer gave 
sharper end points, greater reproducibility and eliminated the need of heating 
the rats and of training the observer. 

AUTHORS. 


Patras, M. C., Brookhart, J. M., and Boyd, T. E.: Eespiratory Effects on the 
Pilling of the Ventricles During a Prolonged Diastole. Am. .T. Phvsiol. 142: 
52, J9J4. 


tentriculnr volume was recorded by means of a cardiometer in the closed 
chest, the recording system being so arranged that external pressure on the 
ventricles followed the normal respiratory variations of intrathoracic pressure. 
Diastole was prolonged bv vagal stimulation. 

Ijnder these conditions, ventricular filling at any stage of diastole is accelerated 
• inspiration and retarded by expiration. If either inspiration or expiration occurs 
while filling is in progress, the gradient of the filling curve is altered thereby. The 
volume curves thus very considerably in form. Such variations are particularly 
prominent during the stage of diastasis. 


Toe effects df'seribed 
is raised, but are still 
by 90 mm. of water. 


become less conspicuous as the mean level of venous pressure 
demonstrable when venous exceeds intrathoracic pressure 


A unions'. 


Holt. J. P., and Knocfel, p. K.: Changes in Plasma Volume and Cardiac Output 
roll owing the Intravenous Injection of Gelatin, Serum, and Physiological 
Saline Solution. J. Clin. Investigation 23: 057, }!)}■!. 


Piasma volume, arterial and venous oxygen content, oxygen consumption, arterial 
dood pressure, right auricular pressure, and the hematocrit were determined in 
normal barbitali/ed dbgs, before and after the intravenous injection of ."0 c.c. per 
b„. bodv weig.it of 9.9 per cent sodium chloride solution, geJaf bi solution, and scrum. 
Blood volume, cardiac output, total peripheral resistance, and the oxvgen content of 
1 r,; > cm. of arterial red cells wore calculated. 
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Sodium chloride solution gave a small and brief increase in plasma volume. 
Gelatin solution and serum gave a greater and more sustained increase in plasma 
volume; 

The injection of these solutions caused the cardiac output to increase and the 
total peripheral resistance to decrease. 

No consistent quantitative relationship was found between blood volume and 
cardiac output, between blood volume and right auricular pressure, or between 
cardiac output and right auricular pressure. 

Blood serum and a 3.75 per cent gelatin solution are about equally retained in 
the vascular bed, both to a greater extent than is 0.9 per cent sodium chloride. 

Authors. 


Donovan, G-. E.: Phono-Electrocardioscopy. Lancet 1: 500, 1944. 

The author has designed an instrument for amplified auscultation, phono- 
cardiography, electrocardiography, and sphygmography which he calls a phono- 
electroeardioscope. The instrument permits: simultaneous, direct, continuous, visual 
recording of the phonocardiogram and electrocardiogram, plus amplified auscultation; 
simultaneous, direct, continuous, visual recording of the phonocardiogram and 
sphygmogram, plus amplified auscultation; simultaneous, direct, continuous, visual 
recording of a stethoscopic phonocardiogram and linear phonocardiogram of the 
same area plus amplified auscultation; simultaneous, direct, continuous, visual record- 
ing of the phonocardiogram of one area with that of another, plus amplified 
auscultation; simultaneous, direct, continuous, visual recording of any pair of the 
electrocardiographic leads, such as Leads I and III; observation for any length of 
time; detailed visual analysis. The reserve gain of the amplifiers and the wide 
range of time-base speeds make possible traces of any size considered desirable; 
photographic registration of the traces; accentuation of murmurs of desired sounds 
and attenuation of unwanted ones. 

The instrument- is described in detail and its advantages are pointed out. It 
should be useful in all forms of cardiology. 

McCulloch. 

Clagett, A. H.: The Electrocardiographic Changes Following Artificial Hyper- 
pyrexia, Am. J. M. Sc. 208: 81, 1944. 

While the majority of electrocardiographic changes following fever therapy 
are insignificant and probably due to the effect of tachycardia, it is possible to 
have changes due to severe myocardial damage, such as that caused by occlusion of 
a small coronary artery. 

. In those cases with myocardial damage due to fever, one should not give a good 
prognosis merely because the patient is young and the causative agent (fever) has 
been removed. The treatment of these cases should be the same as that given 
■ myocardial infarction due to any other cause. 

Author. 

Faulkner, J. M., and Duncan, C. N.: The Significance of Marked Left Axis 

Deviation of the Electrocardiogram. Am. J. M. Sc. 208: 205, 1944. 

An attempt was made to correlate marked left axis deviation of the electro- 
cardiogram with significant clinical and post-mortem findings. A study of the 
clinical records in two hundred cases revealed that 51.5 per cent had no underlying 
reason for, or evidence of, left ventricular enlargement. 
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Measurements of the heart from tcleoroentgenograms in ninety-seven cases were 
within, normal limits in thirty-five cases (37 per cent). In twenty-seven autopsied 
cases the heart teas entirely normal anatomically in the older age groups. 

Authors. 

Wenner, H. A.: Notes on Congenital Auricnlo-Ventricular Dissociation: Report 
of a Case of Congenital Complete Heart Block. Connecticut M. J. 8: ICO, 1944. 

The clinical history of a 6-year-old girl with congenital heart block and Adams- 
Stokes attacks has been described. A rdsume of the clinical and pathologic findings 
in congenital heart block has been presented. 

Author. 

Thomas, W. C., and Harrison, T. R.: The Effect of Artificial Restriction of Ac- 
tivity on the Recovery of Rats From Experimental Myocardial Injury. Am. 
J. M. Sc. 208: 436, 3944. 

Following experimental injury to the hearts of rats the mortality is decidedly 
greater when the animals are kept closely confined in small cages which restrict 
muscular activity. 

Animals so confined display considerably less activity, as measured by the work 
adder method, than control animals allowed to wander freely about in larger cages. 

Observations with the optional treadmill have shown that following injury to the 
Iieart the rat tends to return to the preoperative level of exorcise within a period 
of three to seven days. 

Enforced strenuous muscular effort even when carried out within twenty-four hours 
after cardiac injury, did not materially increase the mortality in rats. Likewise, 
such exercise carried out in three or more days after the operation did not cause a 
significant increase in mortality. 

The question of the desirability of prolonged and rigid rest in bed following 
myocardial infarction in patients lias been discussed and it lias been pointed out 
that thi;. procedure has serious disadvantages as well as some advantages. On the 
basis of the available evidence it would appear that during the first two weeks the 
advantages of strict bed rest probably outweigh 1 he disadvantages, but that after 
this time the reverse is probably true. 

AUTHORS. 

Wainwright, C. W.: Dissecting Aneurysm Producing Coronary Occlusion by Dis- 
section of the Coronary Artery. Bull. Johns Hopkins JTosp. 75: 81, 3944. 

A ca«o of dissecting aneurysm is presented in which myocardial infarction was 
produced by dissection along the left, coronary artery and its anterior descending 
branch. 7 he lumen of the latter was occluded by the pressure of the hematoma 
within its wall. The clinical features of the case were those of both dissecting 
aneurysm and myocardial infarction. When typical signs and symptoms of both 
conditions are present, such a course of events as obtained here warrants clinical 
consideration and probably occurs with greater frequency than reports indicate. 

Author. 

Scott, G. E. M.: Rheumatic Infection in Childhood: A Survey From the Chil- 
dren’s Hospital, Melbourne. M. J. Australia 2: 309, 3943. 

Six hundred forty-five cases of rheumatic infection occurring at the Children’s 
Hospital, Melbourne, are examined, and the mortality rate is shown. Jn contrast 
to most statistics, there is a small preponderance of male patients. The age in- 
cidence has been found to be slightly higher than the average. The question of 
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symptomatology and of tlie occurrence of carditis is discussed, together with in- 
vestigational methods. Reference is made to the problem of treatment, and its 
importance is stressed. 

Author. 

Cornell, A., and Shookhoff, H. B.: Actinomycosis of the Heart Simulating 

Rheumatic Fever. Arch. Int. Med. 74: 1], 1044. 

Involvement of the heart in actinomycosis is rare. Analysis of three new cases 
and of sixty-five others collected from the literature shows that the heart may be 
involved by direct extension of the infection from a neighboring organ (most com- 
monly the lungs) or by metastasis through the blood. 

Metastatic involvement rarely produces clinical signs. About half of the patients 
in whom involvement of the heart is by direct extension show clinical manifestations. 

The most common clinical manifestation in cardiac actinomycosis is congestive 
heart failure. A pericardial rub was heard in three cases and cardiac murmurs in 
only two. 

Authors. 

Holbrook, W. P.: The Army Air Forces Rheumatic Fever Control Program. J. 

A. M. A. 126: SI, 1044. 

Acute rheumatic fever shows a striking geographic variation in its distribution, as 
indicated by the incidence rates per thousand troop population in the various 
geographe areas. 

Acute rheumatic fever occurring in high incidence during this study in every 
instance has been preceded by a high incidence of hemolytic streptococcus infections. 

A 50 to 75 per cent reduction in the incidence of respiratory diseases and 
streptococcic infections has been accomplished by the use of sulfadiazine prophylaxis 
under carefully controlled conditions and on a significantly large troop population. 
Rfo serious drug reactions occurred. 

From the partial data at hand, it appears that the reduction in rheumatic fever 
parallels that of respiratory and streptococcic diseases. 

The possibility of utilizing these prophylactic methods, thus saviug millions of 
hospital days, avoiding serious complications, and adding millions of effective 
man days to the war effort, should be given consideration. 

Author. 

Fox, T. T., and. Bobb, A. L.: Cardiac Arrhythmias in 1,000 Cases of Pulmonary 

Tuberculosis. Am. J. M. Sc. 208: 20i, 1944. 

Pulmonary tuberculosis does not affect the incidence of abnormal cardiac 
rhythm or abnormalities in the conduction mechanism. In the majority of cases 
presenting these abnormalities, other clinical or laboratory evidence of intrinsic, 
cardiovascular involvement can be elicited. 

It is suggested that right pulmonary lesions involving the mediastinum may 
constitute an extracardiac factor in the causation of arrhythmias and conduction 
abnormalities in a 'previously diseased myoca 2 'dium. 

Authors. 

Mosenthal, H. O.: Development of Hypertension Associated With Lesions of the 

Kidney. Am. J. M. Sc. 208: 210, 1944. 

Unilateral renal disease may exist for many years without affecting the blood 
pressure. As compensatory processes for the maintenance of normal arterial tension 
became strained, periods of intermittent rise in blood pressure occur. Finally, a 
permanent hypertension may develop. The extirpation of a unilaterally diseased 



684 


AMERICAN* HEART JOURNAL 


kidney should prevent a rise in blood pressure, or remedy it if it lias become 
permanently established, provdied there are no causes for hypertension either in the 
remaining kidney or elsewhere in the body. 

Author. 

Thomas, C. E Experimental Hypertension Prom Section of Moderator Nerves: 

Relationship of the Acute Pressor Response to the Development and Course of 

Chronic Hypertension. Bull. Johns Hopkins Hasp. 74: 335, 1944. 

The acute and chronic pressor responses are of similar magnitude and general 
character in a given animal. 

A depressor influence usually appears within a few minutes of the maximal 
acute pressor response following moderator nerve section, which brings the pressure 
down to normal for a day or two and which may be present in some degree for 
several weeks. 

Chronic hypertension usually appears within forty-eight hours after complete 
moderator nerve section, and disappears only if nerve regeneration occurs. 

Author. 

Morton, E. M., Shearbum, E. W., and Burger, R. E.: Synthetic Vitamin K and 

the Thrombosis of Veins Pollowing Injury. Surgery 14: 915, 1943. 

A group of experiments performed to study the possible influence of vitamin 
K on thrombus formation in dogs has been described. The radial and saphenous 
veins of the legs of fifty-two dogs were traumatized mechanically by sacrifying the 
intima with a hooked needle. The veins were removed at forty-eight- and ninety- 
six-hour intervals afterwards. Twenty-seven of the animals received a surplus of 
synthetic vitamin K along with the regular diet for a week prior to the injury, and 
the remaining twenty-five were utilized as controls. Prothrombin times, hematocrit 
determinations, and clotting times were made in each animal at intervals, without 
any demonstrable effect of synthetic vitamin K administration. 

The incidence of thrombosis after injury to the intima of the veins was not 
significantly increased coincident with the administration of synthetic vitamin K, 
being 33 per cent in the control group and 38 per cent in the vitamin K group. The 
small difference does not seem important. The prothrombin values, which are im- 
portant in the coagulation process, did not significantly change after the adminis- 
tration of synthetic vitamin Iv. There was no significant difference in the results ob- 
tained by the .Squibb and Abbott synthetic preparations. Those dogs with a 
hematocrit reading below 40 per cent, however, revealed a slightly higher incidence 
of thrombosis in both the control and vitamin K fed group. 

Clinically, the incidence of thrombophlebitis has been less in the University of 
"V irginia Hospital in the smaller group of women given vitamin K just before or 
at the time of delivery than in the larger group receiving no exogenous vitamin K 

except in the normal diet. 

Authors. 

Davis, B. D.: The Indirect Measurement of Mean Venous Oxygen Tension During 

Anoxia. J. Clin. Investigation 23: 000, 1944. 

A method is presented for determining the mean venous oxygen tension (MVpO ; j 
indirectly by means of equilibrating gas mixture of low pO- with pulmonary arterial 
blood. Reproducible result* were produced under standard but, nonbasal conditions, 
Kinging, in fifteen individuals, from 20 to 32 rmn, Hg at atmospheric pressure. 

Observations at simulated altitudes of 8,000 to 20,000 feet indicated that the 
cardiac output rose progressively with altitude, reaching .189 per cent of normal 
at 20,000 feet. This circulatory compensation decreased the tissue anoxia at the 
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various altitudes by 40 per cent, the MVpO. at 20,000 feet being 19.8 mm. rather 
than the value of lo.5 nun. which would have obtained if the cardiac output were 
constant. 

Author. 

Bollman, J. L., and. Flock, E. V.: Changes in Phosphate of Muscle During 

Tourniquet Shock. Am. .T. Physiol. 142: 290, 1944. 

The changes which occur in the phosphates of muscle, the blood supply of which 
lias been completely occluded, are those of autolyzing muscle. Adenosine triphos- 
phate almost disappears after three hours and phosphocreatine is almost completely 
hydrolyzed in one hour. The inorganic phosphates of the muscle rapidly increase 
to a maximum in about four hours. The total of the acid-soluble phosphates is 
not changed. If the flow of blood is restored to the muscle within three hours 
there is resynthesis of adenosine triphosphate and phosphocreatine with a cor- 
responding decrease of the inorganic phosphate. Fatal shock does not develop even 
though large amounts of muscle have been occluded. "When the occlusion is released 
after more than three hours there is no regeneration of adenosine triphosphate or 
phosphocreatine but considerable inorganic phosphate is washed from the injured 
muscle into the blood. Fatal shock develops in rats so treated if the muscles of 
more than one leg and thigh have been occluded for three and a half hours or if 
the occlusion of onlj- one thigh and leg persisted for six hours before release. This 
type of shock is definitely not due to adenosine triphosphate washed out of the 
muscle because adenosine triphosphate is destroyed during the occlusion and its 
decomposition products appear to be relatively nontoxic. In rats surviving release 
after occlusion of one leg for four hours there is almost complete necrosis of the 
injured muscle but sufficient cells remain alive to restore themselves. After four 
to six weeks there is restoration of function of the leg, although the original size 
of the muscle bundles is not completely restored. 

Authors. 


Sherman, C. F., and Ducey, E. F.: Cardiac Mensuration. Am. J. Roentgenol. 51: 

439, 1944. 

A direct comparison was made between the transverse cardiac diameter of two 
hundred adult males, obtained within ninety days of death, and the weight of then- 
hearts at autopsv. 

In this study* the results by the Ungerleider method are much more closely corre- 
lated with the actual cardiac weight than are those of the other two roentgen 
methods studied. 

There is constant correlation between the percentage deviation of the transverse 
diameter, as obtained by the Ungerleider method, and the percentage deviation in 
heart weight as calculated from Zcek's table. This correlation expressed numerically 
has a value of 1 to 3.3. 

Marked deviation from normal body weight and pericardial effusion greater 
than 200 c.c. impair the accuracy of the method to such an extent as to preclude 
its use without qualification. 

Authors. 

Mazer, M., and Wilcox, B. B.: A Simple Graphic Method for Measuring the 

Area of the Orthodiagram. Am. J. .Roentegnol. 51: 444, 1944. 

A simple graphic method for the determination of the area of the ortho diagram 
is described. It requires no equipment not readily available to any physician. 
Its application to one hundred cases checked by the planimeter shows it to have 
a sufficiently high degree of accuracy for clinical purposes. 

Authors. 
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Gage, L M.: The Technical Simplicity of the Matas Endo- Aneurysm orrhaphy. 

Ann. Surg. 119: 40 8, 1944. 

Endo-aneurysmorrlmphy 5s tiie surgical procedure of choice in treating aneurysms 
of the peripheral arteries. There are only two types of endo-aneurysmorrhaphy that 
are applicable to aneurysms of the peripheral arteries: The restorative (saccular) 
type : and the obliterative (fusiform) type. An adequate and sustained collateral 
circulation must be present and satisfactorily demonstrated before the operation 
is undertaken. The collateral circulation can be developed by two methods: 
Mechanical (Matas method), and physiologic (blocking out the sympathetic.®, the 
author’s method). Absolute hemostasis must be obtained and continued until the 
intrasaccular toilet is completed. This operation is contraindicated in all arterial 
aneurysms in which the blood supply caunot be unequivocally controlled during the 
entire operation. It. is the simplest of all surgical procedures used for the cure of 
arterial aneurysms. 

Author. 

Loewe, L., and Rosenblatt, P.: A Hew Practical Method for Subcutaneous Ad- 
ministration of Heparin. Am. J. M. Sc. 208: 54, 1 944. 

A simple, safe, and practical method for the subcutaneous administration of 
heparin lias been devised. Its clinical application has been successfully attempted 
in fifteen cases of thrombophlebitis and phlebothrombosis. 

With the technique of subcutaneous administration of heparin as here described, 
no instantaneous withdrawal of the heparin effect is as yet feasible. However, whole 
blood or protamine may be employed to neutralize the free heparin, while compres- 
sion about the site of inoculation will effectively suspend its further liberation. 
Tlii® was demonstrated in a case of subacute bacterial endocarditis, successfully 
heparinized by this method. Injections were made, as usual, in the lateral or anterior 
aspect of the thigh. Compression was effected for one to three hours by means of 
a tourniquet above or a compression cup about the site of injection. The use of this 
subcutaneous method of heparinization, while not yet commercially available, gives 
promise of sharply curtailing the cost of this anticoagulant agent because of the 
reduced heparin requirement and ease of administration. 

Authors. 

Smull, K., Wdgria, R., and Inland, J.: The Effect of Sodium Eicarbonate on the 

Serum Salicylate Level. J. A. M. A. 125: 1173, 1944. 

Vi hen a serum salicylate level has been e.-tablished and is being maintained 
by the oral administration of enteric coated tablets of sodium salicylate, the simul- 
taneous administration of approximately equal amounts: of sodium bicarbonate 
results in a definite fall of the serum salicylate level. 

1 he simultaneous administration of equal amounts of sodium bicarbonate and 
enteric coated sodium salicylate prevents the establishment of as high a serum 
salicylate b'V'd as would be obtained with sodium salicvlafe alone. 

A VTHOfiS. 


Harrison, T. B.: Abuse of Rest as a Therapeutic Measure for Patients With 
Cardiovascular Disease. .1. A. M. A. 125: 1075, Kill. 

A review of some recent experimental evidence and certain clinical considerations 
leads to the following genera! conclusions: 

Extreme restriction of body movement causes increased mortality in animals with 
experimental myocardial injury. 

There 5® no proof that rest in Led carried out for many weeks after symptom? 
have disappeared i- of value in the physical management of the patient with ton- 
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gestive failure, angina pectoris, or myocardial infarction. The available evidence, 
while perhaps not conclusive, points to the contrary and more especially so if the 
. recumbent posture is enforced while the patient is kept in bed. 

From the psjchic standpoint there is a definite disadvantage in the enforcement 
of a' rigid regimen after the acute phase of the illness has subsided. 

Until .more definite information is available, the following tentative suggestions 
■ are offered for a plan of treatment which obviously requires modification according 
to the status of the individual patient: 

a. Persons with congestive heart failure should be allowed out of bed for several 
hours ,fl day, as soon as severe dyspnea at rest has subsided. 

b. Following ruyocardial infarction, recumbency should not be prescribed for a 
longer period than two to three weeks after the more acute and alarming symptoms 
have subsided. The recumbent, position should not he enforced on patients who are 
more comfortable sitting. Other things being equal, it would appear wise to allow 
elderly patients out of bed sooner than younger ones. 

c. Eest. in bed for more than a da 3 ' or two at a time probably has no place in the 
.treatment of angina pectoris except in those patients who are especially liable to 
develop myocardial infarction in the immediate future, as indicated by increasingly 
frequent and prolonged attacks at rest. 

d. In all patients with the severe forms of heart di.-ease, activity should be kept 
below the symptomatic threshold, i.c., should be less than that amount which induces 
dyspnea or pain. 

Author. 

Levine, S. A.: Some Harmful Effects of Recumbency in the Treatment of Heart 

Disease. J. A. M. A. 126: 80, 1044. 

Rest in bed, which has been the backbone of our treatment of heart failure, needs 
reconsideration in the light of some possible harmful effects. 

There is both clinical and laboratory ciidem* to show that recumbency may be 
very harmful for certain patients with heart failure. The heart may be made to 
work more rather than less, and pulmonary congestion may be made worse rather 
than better at certain stages of heart failure by placing the patient in bed. Making 
the bed slant downward by placing 9-inch blocks of wood under the headposts is a 
simple method of minimizing this undesirable effect. At times it is wise to treat 
patients with heart disease in a chair rather than in bed. 

Cardiac as well as noncardiac patients who are confined to bed for any appreciable 
length of time should be instructed to exercise their legs frequently or to have 
massage of the legs to prevent venous thrombosis of the legs and pulmonary emboli. 

Author. 


Erratum 

In the September, 1944, issue of the Journal, Voh 28, p. 298, the ^article by 
R. M. Tandowsky, Norma Anderson, and J. K. Vandeventer, entitled An - ec- 
trocardiographic and Clinical Study of Various So-Called Cardiac Drugs,- should 
be corrected as follows: In Table I, page 299, the sixth line m the second column 
should read: 3 c.c v 1.5 cat units; the last line in the first column should read : 
Metrazol (Billmber-Knoll) . On page 303, Digalin, on Fig. 7 should be Digalen 
On page 306, Fig. 11, Metrazol should be followed by (Bilhubei -Knoll). . n pag 
307, Fig. 13, Digalen should appear above the second tracing, and Scillaren above 

the third tracing. 
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SYNCOPE ASSOCIATED WITH EXERTIONAL DYSPNEA 
AND ANGINA PECTORIS 

Abner Golden, M.D. 

Atlanta, Ga. 

I T IS well known that recurrent attacks of syncope occur in association 
with aortic stenosis and in disorders of the intracardiac conduction 
mechanism (Adams-Stokes syncope). Little attention has been paid, 
however, to the occurrence of syncope and periods of mental confusion 
in patients with other common forms of heart disease. Any type of 
heart disease that produces acute paroxysmal dyspnea and anginal pain 
may be associated with periods of unconsciousness. 

As will be noted, the attacks of syncope experienced by the patients 
reported here were associated with both paroxysmal dyspnea and the 
appearance of characteristic angina pectoris. This syndrome was first 
described by Gallavardin, 1 who gave it the name “syncope anginosa.” 
Patients with heart disease are usually limited in their activities by 
one of two factors. Either dyspnea appears when the left ventricle is 
unable to remove blood from the pulmonary circuit, or angina pectoris 
results from focal ischemia due to inability of the coronary arteries 
to supply an adequate amount of blood to the myocardium. Which 
symptom is the limiting factor during exertion depends on the relative 
efficiency of the myocardium and the coronary circulation. It is Dot 
uncommon for. patients to have first one symptom, and then, at a later 
date, the other. This is particularly striking when angina pectoris 
disappears after myocardial infarction, and is supplanted by dyspnea 
as the limiting sjmiptom. There are patients, however, in whom the 
coronary circulation and the ventricular output “fail” at the same 
level of exertion, and who complain of both dyspnea and angina 
pectoris. The cases under consideration fall into this group. The 
significance of these factors in the production of syncope will be dis- 
cussed later. 

Prom the Medical Service of The Grady Hospital, and the Department of Medicine, 
Emory University School of Medicine. 

Received for publication Dec. G, 1943. 
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CASE REPORTS 


Case 1. — W. E. W\. aged 6] years in 1941, was admitted to the hos- 
pital because of anginal pain, syncope, and paroxysmal nocturnal 
dyspnea. In 1940, a year and a half before entry, he began to ex- 
perience substernal and precordial pain, "knifelike” in character, 
produced by exertion, and relieved b} r rest and the administration of 
nitroglycerin. At about the same time, he noted frequent attacks of 
paroxysmal nocturnal dyspnea. Six weeks before admission, during 
exertion, he suddenly noted a "fluttering” of the heart, followed 
shortly by severe dyspnea and "drilling” precordial pain. A minute 
later he lost consciousness, and remained unconscious for several hours. 
He awoke feeling very "limp.” During the six weeks before admis- 
sion, he had experienced numerous similar attacks of angina, “flutter- 
ing,” and dyspnea, produced by exertion, and followed by sudden 
syncope unless he was able to lie down or gain support. He* also had 
many attacks of severe nocturnal dyspnea and angina, but no syncope. 

Physical examination revealed a large, obese man with marked 
orthopnea. There were mild tortuosity and arteriovenous nicking of 
the retinal arterioles. There were a few moist rales at the bases of 
both lungs. The heart was slightly enlarged to the left. The sounds 
were of poor quality, and there was a grade 1 apical systolic murmur. 
The rhythm was normal. Marked hepatomegaly was present; the edge 
of tlie liver was palpable 10 cm. below the costal margin. The ex- 
tremities and reflexes were normal. The blood pressure was 134/90. 
Carotid sinus stimulation and forced hvperventilation produced no 
abnormal effects. 

The urine was normal except for 1 plus proteinuria on two occasions. 
if . ' erythrocyte count was 6.2 million, with a hemoglobin content of 

m ^ cubic centimeters. The sedimentation rate was nor- 

mal. The blood Hinton and Vassermann reactions were negative. The 
leucocyte count was 9.600. The icterus index, total protein, nonpro- 
iem nitrogen, and hromsulfalein excretion were within normal limits. 

.Jtoenigenologie examination of the heart showed slight prominence 
oi the left ventricle and tortuosity of the aorta. Electrocardiograms 
shoved only I -wave inversion which was probably a digitalis effect. 

Comment. Phis patient experienced numerous attacks of exertional 
d\r,pnea. angina pectoris, and sudden syncope during the six weeks 
pilot to hospital admission. He had had symptoms of heart disease 
toi one and one-half years. The clinical diagnosis was arteriosclerotic 
heart disease and hepatomegaly of unknown origin. 



, , , substernal pain radiating down the left arm. 
i»ic vs became more frequent, and she also noted orthopnea, paroxvsmal 
nociurnal dyspnea, and intermittent edema of the ankles. She had 
expcrieneerl about fifteen attacks of syncope during this period. A 
typical attack was described as the sudden appearance of shortness of 


u eat h during exertion, followed by anginal pain. In a few seconds 
IC v ' 012 ! ^ se consciousness for a period of from five minutes to as 
oxig as an hour. 'When she regained consciousness, the substernal 
pam onen persisted for five or ten minutes, but was much milder. 
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She always felt cold and clammy after an attach, and had vomited 
on several occasions. . 

Physical examination showed a well-developed and well-nourished 
Negro woman. The blood pressure was 110/80. The optic fundi and 
the lungs were normal. The heart was slightly enlarged to the left. 
No murmurs were heard and the rhythm was regular. The pulmonic 
second sound was louder than the aortic second sound. The liver was 
palpable 2 cm. below the costal margin. The extremities and reflexes 
were normal. Neither carotid sinus stimulation nor hyperventilation 
produced syncope. 

The urinalysis was negative. The erythrocyte count was 4.2 million, 
with a hemoglobin content of 13.5 Gm. per 100 cubic centimeters. The 
sedimentation rate was 23 mm. per hour. The leucocyte count was 8,100. 

Roentgenologic studies of the heart showed slight left ventricular 
enlargement. Electrocardiograms showed left axis deviation, a deep 
S 3 , an inverted T 3 , and a slightly elevated S-T 4 . 

Comment . — This patient gave a history of numerous attacks of 
dyspnea, angina pectoris, and prolonged unconsciousness, brought on 
by exertion during the four years before admission to the hospital. 
The clinical diagnosis was probable coronary ostial disease due to 
syphilitic aortitis. 

Case 3. — W. T. M., aged 57 years in 1942, was admitted to the hos- 
pital complaining of attacks of angina pectoris and syncope. Four 
years before admission he was found to have hypertension, and, shortly 
thereafter, he began to experience exertional dyspnea and paroxysmal 
nocturnal dyspnea. These symptoms became marked. About six 
months later, he started having attacks of angina pectoris and syncope. 
Dependent edema developed two months before entry. The patient 
claimed he had had “hundreds” of syncopal attacks associated with 
exertion. These attacks started with severe shortness of breath and 
a feeling of being “choked-up.” In a few seconds, or, at most, a 
minute, he was seized by “stabbing” substernal pain radiating down 
both arms as far as the elbows. Then, “everything went black,” and 
he would lose consciousness for a period of several minutes to as long 
as an hour. He was able to tell when syncopal attacks were imminent, 
and avoided injury by lying down quickly. Syncope had never oc- 
curred at night. It was always preceded by angina. 

Physical examination revealed a well-developed, obese man with 
marked orthopnea. His blood pressure was 210/100. The retinal 
arterioles showed moderate arteriosclerotic changes, with arteriovenous 
compression, but no hemorrhages or exudates. The heart was en- 
larged to the left. There was a rough, grade 2, systolic murmur, heard 
best over the third left intercostal space, but heard well over the en- 
tire precordium. . The' murmur was not transmitted to the neck vessels. 
The aortic, second sound was sharp, and louder than the pulmonic sec- 
ond sound. The edge of the liver was palpable two flngerbreadths 
below the costal margin. There was marked edema of the lower 
extremities. 

The urine v r as normal. Blood studies showed an erythrocyte count 
of 4 million, with a hemoglobin content of 10.2 Gm., a sedimentation 
rate of 55 mm. per hour, and a leucocyte count of 5,200. The blood 
Hahn reaction was negative. - 
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Fluoroscopic examination showed definite left ventricular enlarge- 
ment and tortuosity of the thoracic aorta, but no areas of intraeardiac 
calcification. The "electrocardiogram showed only left axis deviation. 

Prolonged carotid sinus stimulation produced transient syncope. 
There was marked hyperpnea before recovery of consciousness. He 
then complained of mild chest pain, and stated that he felt as if he 
had been unconscious for several hours. An electrocardiogram taken 
during carotid sinus stimulation showed complete auriculoventricular 
block and marked slowing of the auricular rate. 

Hyperventilation produced mild anginal pain, but no syncope. 

Comment . — The clinical diagnosis was hypertensive heart disease 
and generalized arteriosclerosis. The patient gave a history of many 
attacks of syncope, preceded by exertional dyspnea and angina pectoris. 
Although syncope could lie produced by prolonged carotid sinus stim- 
ulation, this syncope was subjectively different from the attacks pre- 
viously experienced. 

Case 4. — H. G. N., aged 58 years in 3942, began having exertional 
dyspnea and edema of the ankles in 1933. Shortly thereafter, he 
noted attacks of angina pectoris. Orthopnea appeared in 1934, and 
paroxysmal nocturnal dyspnea in 1937. Exertion usually produced 
shortness of breath. However, he was often forced to stop activity 
by angina without dyspnea, although the latter usually appeared 
shortly thereafter. The angina was described as a “knifelilce” pain 
radiating from the substernal region to the left axillary line in the 
fourth intercostal space, and was relieved by rest or nitroglycerin. 
In 3937, the patient had a sudden attack of syncope which occurred 
v.-hde sitting. It was not preceded by dyspnea. He stated he was 
unconscious for twenty-four hours. After this he had five attacks of 
syncope associated with exertion. All occurred when his cardiac func- 
tion was poor, as evidenced by marked exertional dyspnea and pe- 
ripheral edema. The attacks started with sudden, severe dyspnea, 
followed bv anginal pain. Syncope then occurred without warning. 
He would remain unconscious for a period of several minutes to sev- 
eral hours. On innumerable occasions he had attacks of sudden dyspnea, 
and angina, and “felt, funny all over,” but prevented syncope by sit- 
ting down immediately. 

He was seen in the hospital after three of these syncopal attacks. 
V , ! ) occasions he showed evidence of marked congestive heart 
i aunre. and was either comatose or irrational. The temperature re- 
mained normal, as did the leucocyte count and sedimentation rate. 
Electrocardiograms showed no evidence of myocardial infarction. 

Physical examination in October. 3 942, revealed a blood pressure of 
2-M/140. There was marked peripheral arteriosclerosis, and the retinal 
anent-.n-s showed moderate tortuosity and arteriovenous compression, 
the kings were normal. The heart was at the upper limits of normal 
size. The rhythm was regular and no murmurs were heard. The abdo- 
men was negative. All of the reflexes were normal. Carotid sinus 
stimulation was without effect. Forced hvperventilation produced 
only “tingling” of the extremities. 

• Roentgenologic examination of the heart showed an aortic configure- 
iion and <i tortuous aortic arch. Kleotroeardiogr&njs showed only an 
abnormality of the T waves which was probably a digitalis effect. 
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Comment . — This patient had hypertensive heart disease and general- 
ized arteriosclerosis. He had had exertional dyspnea and angina 
pectoris for nine years. He had had one attack of sudden syncope 
unassociated with exertion or dyspnea, but after this had five attacks 
of acute exertional dyspnea, angina, and syncope. 

Case 5. — J. W. C., aged 64 years in 1942. At the age of 32 years, 
during extreme exertion, the patient was suddenly struck with severe 
precordial pain accompanied by a cold sweat and prostration. An 
hour later, the pain radiated down the left arm. It was sharp, “stab- 
bing,” and intermittent; numbness of the same area at times replaced 
the pain. These symptoms continued for about fifteen hours. Ever 
after this attack the patient complained of frequent attacks of severe 
substernal pain radiating down the left arm. At first they were pro- 
duced only by exertion, but, during the several years iireceding ad- 
mission, they had occurred when sitting or lying down. The pain 
would last three to five minutes, and was relieved by rest. In 1942, 
the patient had five attacks of very severe paroxysmal nocturnal dysp- 
nea, occurring at times when cardiac decompensation was most marked. 
He was awakened by “suffocating” dyspnea. He would sit up or try 
to walk to a window. Immediately, the sharp substernal pain would 
appear. It would last about five minutes, and often reappear after 
a few minutes-. His body then felt “numb all over.” He would have 
oiily partial recognition of his surroundings, and felt as if he were 
“dreaming,” but he did not believe he had ever lost consciousness. 
This state would persist for about one hour. As he became mentally 
clear, the chest pain would occasionally reappear in milder form. 

The patient gave a history of a penile lesion in 1902, and had re- 
ceived antisyphilitic treatment by mouth for four years. 

Physical examination revealed moderate retinal arteriosclerosis. The 
neck veins were distended. The lungs were emphysematous, but no 
rales were heard. The apex impulse of the heart was in the anterior 
axillary line in the sixth intercostal space. The rhythm was regular, 
with a rate of 64. There was a soft, blowing systolic murmur over the 
entire preeordium, and a high-pitched, grade 2, aortic diastolic mur- 
mur was heard. The blood pressure was 1 90/85. There were a Cor- 
rigan pulse, a capillary pulse, and marked suprasternal pulsations. 
The liver was palpable two fingerbreadths below the costal margin. 
There was slight edema of the ankles. The reflexes were normal. 
Carotid, sinus stimulation produced only slight slowing of the ven- 
tricular rate. Hyperventilation resulted in numbness and tingling of 
the extremities after a short time. 

The urinalysis was negative. The hemoglobin content of the blood 
was 15 Gm. per 100 c.c., and the leucocyte count was 7,000. The blood 
Kahn reaction was positive. _ 

Roentgenologic examination of the heart showed an aortic configu- 
ration, with marked left ventricular enlargement and tortuosity of the 
aortic arch. Electrocardiograms showed left axis deviation, slurred 
QRS complexes, a deep S 2 and S 3 , and an inverted T 4 . 

Comment . — The clinical diagnosis was syphilitic aortitis with aortic 
regurgitation. Although this patient had never experienced actual 
syncope, he had had five attacks of severe paroxysmal nocturnal dyspnea, 
with angina pectoris, and marked loss of mental clarity. 
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Case 6. — R. L. CL aged 54 years in 1942, had recurrent attacks of 
acute rheumatic fever as a child, and a further attack of polyarthritis 
at the age of 35 years. He had had exertional dyspnea for about one 
year, slight edema of the ankles for eight months, and orthopnea and 
paroxysmal nocturnal dyspnea for two months. Six months before 
he was seen, he began having substernal pain radiating to both 
shoulders and down the left arm, brought on by exertion. These at- 
tacks. always preceded and accompanied by marked dyspnea, were 
associated with “the staggers” arid a “faint feeling” lasting about 
five minutes. He had had no syncope. 

Physical examination showed moderate arteriosclerotic changes in 
the retinal arterioles. The anteroposterior diameter of the chest was 
increased, with moderate kyphosis. The apex impulse of the heart 
was in the anterior axillary line in the fifth left intercostal space. A 
grade 3 systolic murmur and a grade 2 diastolic murmur were heard 
at the apex. The rhythm was regular, except for occasional extra- 
systoles, with a rate of 60. The blood pressure was 310/65. There 
was no peripheral edema. Carotid sinus stimulation and forced hyper- 
ventilation produced no abnormal responses. 

Fluoroscopic examination of the heart showed left and right ven- 
tricular enlargement and dilatation of the left atrium. There was 
calcification of the mitral valve. Electrocardiograms showed left 
bundle branch block, with inverted T waves in Leads I, H, and IV. 

Comment . — The clinical diagnosis of rheumatic heart disease, with 
marked mitral stenosis and regurgitation, was confirmed by autopsy 
in June, 1943, In addition, there were moderate aortic stenosis and 
slight involvement of the tricuspid valve. Although this patient had 
u'-ver experienced syncope, he had had numerous attacks of dizziness 
and faintness associated with marked dyspnea and angina pectoris. 


DISCUSSION 

These patients present certain features in common. The sequence 
of. events leading to syncope was described by them in remarkably the 
same manner. There was first the appearance of severe dyspnea, al- 
most always associated with exertion. This was followed by true 
anginal pain, and then, in a matter of seconds, by syncope, unless the 
patient was able to sit or lie down immediately. This sequence was 
the same in those patients who described periods of marked impair- 
ment of cerebral function, although they did not experience actual 
syncope. Another feature was that syncope or mental confusion was 
most likely to occur at times when cardiac decompensation, as judged 
by exertional dyspnea and peripheral edema, was most marked. 

Ihe cause of the heart disease in these patients was varied. The 
clinical diagnoses were: arteriosclerotic heart disease, coronary ostial 
disease due to syphilitic aortitis, hypertensive heart disease (two cases), 
syphilitic aortic regurgitation, arid rheumatic heart disease with mitral, 
and to a lesser degree, aortic stenosis and insufficiency. Varying de- 
grees of congestive heart failure were found at the time of examina- 
tion. forced hyperventilation tailed to produce syncope in any of the 



695 


GOLDEN: SYNCOPE IN HEART DISEASE 

cases. Carotid sinus stimulation was also without effect, except in 
Case 3. Here, transient syncope was produced, • and electrocardio- 
grams showed complete auricula ventricular block, but the patient 
stated that this attack was not similar to his previous syncopal at- 
tacks. Electrocardiographic studies of the other patients failed to 
reveal irregularities of rhythm or pacemaker. • 

The explanation of the periods of unconsciousness in this group of 
patients is not clear. It might be useful to review some of the common 
forms of syncope, and to consider these patients in their light. 

SYNCOPE OF REFLEX ORIGIN 

Syncope can be produced by several reflex mechanisms. The com- 
mon faint, the syncope caused by certain types of neurogenic heart, 
block, and the mental confusion and syncope secondary to hyperven- 
tilation are all reflex in origin. 

Fainting occurs in patients with unstable vasomotor centers. The 
afferent stimuli may arise from the eyes, ears, or nose, from any affer- 
ent nerve in the body, or from the emotional content of thought. The 
efferent limb of the reflex arc may cause syncope by a marked de- 
crease in arterial pressure secondary to either venous pooling or ar- 
teriolar dilatation, or, more rarely, by ventricular standstiil secondary 
to sinoauricular or auriculoventricular block. In certain cases, both 
afferent and efferent limbs of the reflex arc are in the vagus nerve 
(so-called vagovagal syncope). The afferent impulses, which may arise 
in the pharynx, the bronchial mucosa, the esophagus, the stomach, and 
the mediastinum, cause syncope by sinus bradycardia or by sinoaurie- 
ular and auriculoventricular block. 

Was the syncope in the cases reported here similar to that of the 
common fainting attack? Patients who faint frequently give a history 
of previous attacks of syncope. Maloney, 2 in a study of syncopal at- 
tacks in blood donors, has pointed out that persons with a history of 
fainting are much more likely to lose consciousness than those who 
give no history of previous faints. Painting is much more likely to 
occur when the patient is standing still than when he is active. The 
patients with heart disease described here gave no history of fainting 
before the onset of cardiac decompensation, and the loss of conscious- 
ness was precipitated by activity rather than quiet standing. In sev- 
eral cases the unconsciousness lasted for a longer period of time than 
is usual in simple fainting. Nevertheless, the ischemic myocardium, 
the congested lungs, and the great veins offer a source of many affer- 
ent impulses which might easily precipitate syncope, either by a de- 
pressor action on the arterial . pressure or by reflex cardiac standstill. 

Syncope, due to a hyperactive carotid sinus reflex is a well-known 
phenomenon. As pointed out by Weiss, 3 this may occur in three ways : 
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(1) Stimulation of the sinus may result in reflex slowing of the heart 
rate and a fall in blood pressure secondary to decreased cardiac out- 
put, comparable to Adams-Stokes syncope. This reflex can be abol- 
ished by atropine and by epinephrine and ephedrine. (2) There may 
be a direct fall in arterial pressure, independent of the heart rate. 
This mechanism is abolished by increasing the peripheral vascular tone 
with epinephrine or ephedrine, but is not affected by atropine. In 
both of these types, syncope can be attributed to cerebral “ischemia,” 
or the rapidity of change in cerebral blood flow. (3) Syncope may 
occur without either a fall in blood pressure or slowing of the heart 
rate, and with no change in peripheral blood flow per sc. This is ap- 
parently due directly to cerebral components of the reflex arc. 

The appearance of syncope in cases of aortic stenosis has been at- 
tributed to involvement of the carotid sinus reflex. Marvin and Sulli- 
van'* pointed out that syncope was almost always associated with 
exertion, although the exertion was often quite mild. This relation 
to exertion and the long duration of the unconsciousness, they felt, 
ruled out the common faint and some of the common cardiac ar- 
rhythmias. One of their patients showed transient aurieuloventricular 
nodal rhythm, ventricular premature contractions, and auricular tachy- 
cardia during induced syncope. They hypothesized that increased 
pressure within the carotid artery secondary to exertion could suffi- 
ciently stimulate the carotid sinus to cause reflex syncope, and that 
the electrocardiographic changes observed in this case were consistent 
with this form of syncope. Unfortunately, the carotid sinus reflex 
was not tested in their five cases, and Contralto and Levine 5 were 
unable to demonstrate abnormal sensitivity of the carotid sinus in 
nineteen cases of aortic stenosis. 

All of the patients under discussion were tested for earotid sinus 
sensitivity. In one instance (Case 3), prolonged stimulation resulted 
in transient syncope, and electrocardiograms showed complete aurieu- 
loventrieular block and slowing of the auricular rate. However, this 
induced syncope was subjectively unlike the spontaneous attacks be 
bad previously experienced. In none of the other eases was there any 
significant slowing of the heart rate, or dizziness, weakness, or syncope. 

Syncope is sometimes seen as a symptom of hyperventilation. It 
usually occurs while the patient is standing or sitting. It is prevented 
rather than precipitated by exercise. In this syndrome there is a 
disturbance of cerebral metabolism that is probably due to a combi- 
nation of decreased cerebral blood flow secondary to orthostatic pool- 
ing of. blood, and alkalosis, 5 

Ibis type of syncope is readily diagnosed by reproduction of the 
symptoms during forced hyperventilation. All 'of the patients under 
discussion were subjected to this procedure and in no instance did 
syncope occur. 
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INABILITY OP THE HEART TO INCREASE THE CARDIAC OUTPUT 
NORMALLY IN RESPONSE TO EXERTION 

It is possible that the syncope of these patients was the result of 
inability of the failing heart to increase its output normally during 
exertion. The opening up of a large arteriolar bed in the extremities 
as the result of exercise, without a corresponding increase in cardiac 
output, might precipitate a fall in arterial pressure with resulting 
cerebral ischemia and loss of consciousness. This is an interesting 
theoretical possibility, but there is no experimental evidence to sup- 
port it. An attempt was made to test this hypothesis on two patients 
with aortic stenosis and attacks of syncope. After -the patients be- 
came compensated, the vascular bed in the lower extremities was 
dilated by occluding the arterial inflow for fifteen minutes. There 
was no abnormal fall in arterial pressure when the tourniquets were 
released and blood entered the dilated vessels of the lower extrem- 
ities. These experiments are not conclusive because cardiac function 
was much better than at the time when syncope was experienced. 

CARDIAC ARRHYTHMIAS AND ADAMS-STOKES SYNCOPE 

Paroxysmal cardiac arrhythmias, particularly paroxysmal auricular 
tachycardia and bradycardia, are at times accompanied by syncope. 
Paroxysmal auricular fibrillation and transient ventricular fibrillation 
are less commonly encountered. There is no evidence that any of 
these phenomena played a part in the syncope of the patients reported 
here. 

In true Adams-Stokes syncope of nonreflex origin, attacks are caused 
either by a changing ventricular pacemaker in the presence of com- 
plete heart block, or by changing degrees of block with a shift in 
pacemaker from the sinoauricular to the auriculoventricular node. 
These attacks bear no apparent relation to exertion or to the position 
of the body. 

It must be stressed that the mechanism of the syncope in the cases 
reported here is not understood. It may well be that several of the 
factors that have been discussed were involved. Inability of the heart 
to increase the cardiac output during exertion, and reflexes arising 
from engorged lungs and an ischemic myocardium would seem to be 
a reasonable working hypothesis. The question arises as to whether 
anginal pain is a necessary part of the syndrome described. As far 
as could be ascertained from the histories, these attacks of syncope 
were, in many respects, similar to those which occur with aortic stenosis. 
Many patients with aortic stenosis have attacks of syncope unaccom- 
panied by angin'a. It would appear fair to assume that pain is not 
necessary for the production of syncoj3e of the type discussed here, 
but that its presence may act as a precipitating factor. 

Many more detailed observations are needed before a definite an- 
swer can be reached. All attempts to reproduce syncope in this group 
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met with failure. This can be explained, at least in part, by the un- 
willingness of the patients to exercise to the point of onset of symp- 
toms, and the fact that their cardiac function was improved by therapy 
before the attempt to induce syncope was made. It remains for criti- 
cal clinical, electrocardiographic, and perhaps elect roeneephalographie 
observations to be made by physicians who are able to see similar 
patients during attacks of unconsciousness. 

SUMMARY 

Cases of., syncope associated with exertional dyspnea and angina 
pectoris have been presented. Several of the common types of heart 
disease are included in the group. 

The patients described in remarkably the same manner the sequence 
of events leading to syncope. Syncope was always preceded by both 
exertional dyspnea and angina, and was prone to occur at times when 
congestive heart failure was most marked. 

Physical examination failed to reveal anything other than the usual 
features of the underlying disease. With one exception, carotid sinus 
stimulation and hyperventilation produced no abnormal responses. 

The various common types of cardiovascular syncope have been con- 
sidered in connection with these patients. The cause of their syncope 
remains obscure, but it is suggested that exertion beyond the capacity 
of the cardiac output and reflexes arising from engorged lungs and an 
ischemic myocardium may be important factors. 
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A SUGGESTION FOR IMPROVING THE STRUCTURE OF THE 
CARDIAC CORONARY CIRCULATORY SYSTEM 
WITHOUT SURGICAL INTERVENTION 

Jose A. Amadeo, M.D. 

Aiboxito, Puerto Rico 

T T IS common knowledge among physicians in Puerto Rico that, among 
* the poor classes in the rural mountainous sections of the island, 
anemia, due to an incidence of uncinariatie infestation of over 80 per 
cent, associated with a marked protein and vitamin deficiency in their 
diet, is so prevalent, that it constitutes their most constant and significant 
medical characteristic. 

After working for four years in these rural, mountainous regions, 
I have been able to observe in the inhabitants another medical charac- 
teristic, just as significant as their anemia, namely, extraordinary 
hearts. 

There is nothing more astonishing and puzzling than to observe, 
for the first time, one of these very anemic peasants walking several 
miles up and down hills with extreme ease. One would never imagine 
that it could be possible for any heart to stand, with ease, the enor- 
mous double strain of severe anemia and such violent exercise. The 
stair test for cardiac functional efficiency used by cardiologists 
in cities appears insignificant by comparison. But one continues to 
see this so frequently, day after day, that it soon ceases to appear 
extraordinary. Otherwise, we could not explain why it lias not been 
mentioned repeatedly in our local medical literature during the last 
half century. 

Furthermore, among 1,565 white, poor patients, over 45 years of age, 
from these rural areas, observed in my general medical practice during 
these four years, there was not a single case of angina pectoris due to 
coronary disease, whereas, among 453 white, well-to-do patients, 
over 45 years of age, also observed in my practice during the same 
four years, there were five deaths from coronary disease and its 
complications. 

Of course, angina pectoris does not necessarily mean coronary dis- 
ease. It is only the clinical expression of acute myocardial anoxia. 
The heart muscle develops, on exertion, acute oxygen want, and this 
is manifested by precordial pain ; this occurs whenever there is partial 
obstruction of the coronary arteries .and its muscle fibers are unable 
to receive additional blood with the necessary additional oxygen 
(ischemic anoxia), or when its muscle fibers are unable to receive 
additional hemoglobin with the necessary additional oxygen (anemic 
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anoxia ). 1 10 ’ ,4t 15 Since not all of the hearts were examined when 

they had already developed a compensatory mechanism for anemia, as 
will be shown later, it is obvious that, among the large number of 
anemic patients studied, we have naturally seen some with precordial 
pain, with or without radiation, of short duration and induced by 
effort, but always in relation to anemic anoxia, and not to ischemic 
anoxia, and always disappearing spontaneously and completely as the 
anemia diminishes. 


We must accept the fact that this represents a very limited series 
of cases, and that they have not been thoroughly analyzed. But the 
vital statistics of the Department of Health of Puerto Rico, 2 which are 
the only ones available, tend to corroborate the above to some extent. 
They show that the death rate from cardiac diseases is very much 
lower in the rural districts than in urban centers of the island. Never- 
theless, these vital statistics do not help enough, because they include 
the mortality from all the diseases of the heart, whereas we refer ex- 
clusively to coronary disease. They also include the entire rural zone 
of the island, whereas we refer only to a special limited rural district 
where uncinariasis and anemia predominate enormously. 

’W c are able to see, at least, that, in my limited personal experience, 
there appeared two clinically very significant and distinct groups of 
cases: One in which the patients rarely develop symptoms or die of 
coronary heart disease and its complications; the other, in which pa- 
tients suffer and die of this condition at the usual rate. 18 


The two groups belong to the same race (white Puerto Ricans), are 
of approximately the same age (over 45 years), and live in the same 
geographical environment (1,500 to 2,500 ft/ above sea level). They 
differ Jundamentally in that the first group are very poor, live in the 
rural area, own very few latrines, walk barefooted, suffer an incidence 
of uncmariatic infestation of over 80 per cent, have a diet deficient in 
piotems and vitamins, and have the habit of nursing their children 
oi a prolonged period of time. -All these are factors that contribute 
to make anemia so prevalent in this group. 

11k. other is a well-to-do group; they live in the urban zone, have 
toilets, wear shoes seldom suffer from uncinariasis, have a more abun- 
an . am - >a a ticca riot, have lost the habil of prolonged nursing of 

their children, and. therefore liavcnn tnmi,, , n * . 

’ • 1 I1,rve 110 tendency to suffer from anemia 

with unusual irequeney. 

f-.ct,rTh.i“ 1>l ' C ' ar V 0 - l ’ C ',!'" ! pmailin t>' »"<!. possibly, the fundamental 
b ,ts f ib -«"« >» «ert „ beneficial effect on the 

^ sole civ T - V ’? f ' Is H ,h » l tends to prevent core- 

It™ T”, r TV f ° ,k "*0" they are over 45 years old. 

retinal embr-d -'!!l T' 0 ° f - scl(:rolic changes in the peripheral, 

", Z’f 1 ’ arterics - 11 sclerotic changes are not m- 

R ' mt 01 ‘ lle arle,ial fee of these peasants after the age 
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of 45 years, it is to be expected that coronary sclerosis should also 
occur with some frequency among them. What actually happens, is 
that when they suffer from coronary disease they do not tend to de- 
velop symptoms or to die from its complications with the usual 
frequency. 

We see, then, that these country folk, among whom anemia is so 
. prevalent, tend to possess extraordinary hearts : 

1. Because of the unusual frequency with which they show extraor- 
dinary cardiac functional efficiency in the presence of severe anemia. 

2. Because of their ability to tolerate silently (without symptoms) 
the coronary sclerosis that they may develop. 

3. Because they so rarely die from the complications of coronary 
sclerosis.: 

Therefore, we came across clinical evidence suggesting most em- 
phatically that, paradoxically, there may exist a so far unmentioned 
cardiologic phenomenon, namely, anemia may exert a beneficial effect 
on the heart. 

In order to analyze this phenomenon without help, and without be- 
ing able to transport to the mountains of Puerto Rico the necessary 
hospital facilities, with clinical, electrocardiographic, and radiologic 
laboratories, we had to apply an easy method that would give objec- 
tive data as to how the individual heart reacts to anemia. It could 
not require any more instruments than a stethoscope and a hemo- 
globinometer, the only ones available. 

Therefore, we started to look carefully into the so-called hemic mur- 
murs, the physical sign to which little attention is paid in modern 
cardiology. 16 The accepted physiopathologic explanation is that these 
so-called hemic murmurs are not produced by any physical change 
in the blood that may be induced by anemia, but that they are due 
exclusively to weakness and dilatation of the cardiac muscle caused 
by the anoxemia induced by the anemia. 5 Naturally, when the cardiac 
muscle dilates, not only do the edges of the valves become separated, 
but the papillary muscles are also displaced, the chordae tendineae are 
unable to stretch sufficiently to permit perfect closure of the valves, 
and hemic murmurs are produced by functional valvular regurgita- 
tion. Like all regurgitative murmurs, these hemic murmurs are sys- 
tolic if the dilatation occurs in the mitral or tricuspid valves, and 
diastolic if the dilatation affects the aortic or pulmonary openings. 3 ’ llf 16 

As a matter , of fact, the dilatation occurs most frequently in the 
mitral or, tricuspid openings, and, therefore, the hemic murmurs are 
almost always systolic. They lack any acoustic characteristic by 
which they could be identified. In the beginning, in cases of moderate 
anemia, they tend to be soft and, localized. But when they progress 
with more severe anemia, they tend to become just as rough and loud, 
and to be transmitted just the .same, as any other organic murmur. 


702 


AMERICAN HEART JOURNAL, 


The only thing that identifies these hemic murmurs is their fluctuations 
in direct proportion to the variations in severity of the anemia. 

Therefore, because of their etiology, instead of hemic murmurs they 
should be called functional murmurs of myocardial anemic anoxia. 

Then they assume their real clinical significance, for they are a very 
important objective sign of cardiac weakness induced by anemic 
anoxia, and, therefore, they may be used as an index of the ability 
of the heart to withstand anemia. In other words, a heart that de- 
velops hemic murmurs with a low-grade anemia must necessarily be 
weaker than another that tolerates this same degree of anemia with- 
out. developing hemic murmurs. By the same token, a heart that is 
able to withstand severe anemic anoxia without developing hemic mur- 
murs must be an extraordinarily 'good one. 


We decided, therefore, to utilize this index of hemic murmurs in an 
attempt to obtain some objective evidence that would add or subtract 
weight to our clinical observations. Thus, we proceeded carefully to 
correlate the presence or absence of hemic murmurs with the hemo- 
globin level in poor patients over 2 years of age, with apparent anemia, 
from the mountainous rural districts. 

In order to eliminate organic regurgitative murmurs, we excluded 
from the series all anemic patients with serologic or clinical evidence 
of syphilis and with active, or with a past medical history suggestive 
of, rheumatic infection. 

Since the heart may be weakened and dilated not only because of 
anemic anoxia, but also, and mainly, by toxic infectious states, hyper- 
or hypothyroidism, and in beriberi, we also excluded all aneinie pa- 
tients with clinical evidence of the above mentioned conditions. 


To eliminate as tar as possible other nonanemie functional murmurs, 
we examined all patients in the erect posture. 

To eliminate cardiopulmonary murmurs, we always made sure that 
the hemic murmurs persisted during apneie periods. The Tallqvist 
scale was used uniformly. .All of the hemoglobin estimations and the 
auscnliation were done personally in every ease, so that any error 
>,ou < >e constant and would not affect considerably the comparative 
% nine of the figures obtained in the series. 

Oui^ series, thus obtained, consists of 833 patients with apparent 
..mrnni, o ,, iich only 387, or 22.4 per cent, had hemic murmurs. In 

aI> ^ I ° X ' rnatC ly on ** v one every five anemic peasants 
u 1,5 „ K r,!K: murmurs, an incidence much lower than would he 

'iviiU'hU* rV ^ e Jiavc not * )CC 'n able to find in the literature 

Rico nnv siifin ■■ 'Vi'.'b- topical Medicine of Puerto 
germr-fin ml 1 10 * ne,f lenee of hemic murmurs, but only 

, T “'V',' ' ,C , thM »"* 'rfth such great fre- 
1 * MtmK 6l0, « ">« they <lo not deserve any commentary.-'- 
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The preceding discussion tends to corroborate objectively, our clini- 
cal observation that the hearts of the peasants from the mountains of 
Puerto Rico, among whom uncinariasis and anemia are so prevalent, 
tend 'to be extraordinary, in most of the cases, because of their ability 
to compensate and preserve functional efficiency in the presence of 
apparent anemia without weakening, dilating, or developing hemic 
murmurs. 

Table I shows the distribution of the cases and of patients with 
hemic murmurs at different levels of anemia. 


Table I 


. GRADE OF ANEMIA 

HB. (%) 

TOTAL NUMBER 
OF CASES 

TOTAL NUMBER 
OF PATIENTS 
WITH HEMIC 
MURMURS 

INCIDENCE OF 
HEMIC 
MURMURS 
(%) 

Moderate 

GO 

320 

GO 

18.4 

. Severe 

50 

422 

82 

• 19.2 

Very severe 

40 

74 

28 

39.2 

Extreme 

30 

17 

17 

100.0 


It shows the direct relation between the increase in severity of the 
anemia and the increase in frequency with which hemic murmurs oc- 
cur. Naturally, the more severe the anemic anoxia, the more difficult 
it is for the heart to compensate, and the more frequent the occurrence 
of the hemic murmurs. It also shows that the heart is able to compen- 
sate only to a certain extent, and, whenever the anemic anoxia exceeds 
this limit, 100 per cent of the hearts grow weak, dilate, and develop 
hemic murmurs. 

Table II shows the distribution of cases and the incidence of hemic 
murmurs among patients under 30 years of age and those 30 years of 
age and over. 


Table II 


AGE 

TOTAL NUMBER 
EXAMINED 

TOTAL NUMBER 
WITH HEMIC 

MURMURS 

PERCENTAGE 
WITH HEMIC 
MURMURS 

Under 30 years 

639 

158 

24.7 

30 years and over 

194 

29 

14.9 

Total 

833 

187 

22.4 


The percentage of patients with hemic murmurs in the younger 
group, who would be expected to have better hearts, is distinctly 
higher than in the older group, who would be expected to have weaker 
hearts. This suggests that these peasants do not inherit, or are not 
born with, unusual hearts which are capable of tolerating anemia ex- 
ceptionally well, but that their hearts probably develop a special com- 
pensatory mechanism for anemia during their lifetime. The older the 
person, the more the opportunities for acquiring uncinariasis and 
anemia, and the more frequently the compensatory mechanism for 
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anemia will tend to develop, with a smaller incidence of hemic mur- 
murs, It also shows that older hearts, after developing some sort of 
a special compensatory mechanism for anemia, are more capable of 
withstanding anemic anoxia than supposedly stronger, younger hearts 
that have not yet developed this special compensatory mechanism. 
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and severity of the anemia. It shows that the incidence of hemic 
munmiii, is maintained distinctly higher in the younger than in the 
„ioup at all hemoglobin levels. This tends to corroborate and 
nod vsenrht to the deductions derived from Table II. 

^ shows the incidence of hemic murmurs at different hemo- 

widoh- ( ' C - S .J n i '• ° " rou l )s of patients who were more distinctly and 

t a t? e - Again we sc-e even more clearly the distinct 

w „. ;’ ,^ r if ' InK: murmurs to occur more frequently among the 

\u ‘Vr ,h lins Imideney is maintained constantly at 

uuierc-nt liemogiobm levels. 

diirii!,rhn f T Whi<5h a " P reviws ones were constructed, shows the 

<>*■"> Wn ct on**™ 5 UC(:01Y in P io a ^ e > S‘ rar le of anemia, and presence 
' •msencfc oi hemic murmurs. 
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Table Y 


. AGE ' 

( years) 

HEMIC 

MURMURS 

HB. 

30% 

HB. 

40% 

HB. • 

50% 

HB. 

60% 

TOTAL 

Less than 

10 

+ 

11 

0 

8 

17 

S 

59 

4 

2S 



Total 

11 

25 

67 

32 

135 

10 to 19 

+ 


11' 

10 

• 46 

136 

2S 

ns 

89 

264 

Total 

4 

• 21 

182 

146 

353 

20 to 29 

-i. 


5 

7 

14 

57 

17 

49 

38 

113 

Total 

2 

12 

71 

66 

151 

30 to 39 

+ 

0 

0 

1 

5 

8 

17 

10 

29 

19 

51 

Total 

0 

G 

25 

39 

70 

40 to 49 


0 

0 

1 

3 

3 

30 

1 > 
15 

5 

48 

Total 

0 

4 

33 

16 

53 

50 to 59 


0 

0 

1 

0 

2 

27 

0 

10 

3 

37 

Total 

0 

1 

29 

10 

40 

GO to 69 

+ 

0 

0 

1 

4 

0 

S 

0 

6 

1 

18 

Total 

0 

5 

8 

6 

19 

70 to 79 

+ 

0 

0 

0 

0 

1 

4 

0 

3 

1 

7 

Total 

0 

0 

5 

3 

8 

0 

0 

0 

0 

0 

2 

0 

2 

0 

4 

. SO and 
over 

+ 

Total 

0 

0 

2 

2 

4 

28 

46 

82 

340 

60 

260 

187 

64G 

Total 

+ 

37 

0 

Total 

17 1 74 

422 

320 

S33 


From Table V we can pick out different groups that aie 
restive because 01 the marked contrast among them, foi instance 

Grouo I This group includes 32 youths under 20 years of age, all 
« moderate anemia (00 per cent Hb.), and yet all had hemic 

mimurs. . , I or vnuths of approximately the same 

Group H.— This g«™p ^ „e,3a (40 per cent HI,), 
ge, under 20 years, but with ^eiy « 

nd yet none of them had persons, all over 50 years 

Group III. This group 7 ^ yet n011e had hemic 

Id; all with severe anemia (o0 pei 

aurmurs. r-n vpnvc . 0 f ane, with moderate 

Group n.-mcHKles H »d ^ -e had 

o severe anemia (00 pci 

iemic murmurs. , mwhnloo-ic explanation of the so- 

Hence, either the accepted p i>s 1 ^ ^ g ig sonle other factor in 
called “hemic murmurs is ‘ diIation 0 f the heart induced 

heir pathogenesis besides wea^ ^ ^ the heart is capable o, 
3y myocardial anoxia, u 
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developing- some sort of special compensatory mechanism whenever 
obliged to do so by anemia. If we accept the latter view, we must also 
accept, as within the realm of reasonable possibilities, the following 
deductions and generalizations derived from the different tables: 

1. The normal heart is so sensitive to anemic anoxia that even strong, 
youthful hearts are weakened, become dilated, and develop hemic mur- 
murs in the presence of even moderate anemia (60 per cent Hb.). 

2. That anemia compels the heart to develop a special compensatory 
mechanism that allows it to stand the anoxia induced by the anemia 
up to a certain limit, without weakening, dilating, or developing hemic 
murmurs. 

3. That whenever a heart develops this special mechanism to its 
maximum, it is capable of tolerating even the anoxia of very severe 
anemia (40 per cent Hb.) without weakening, dilating, or developing 
hemic murmurs. 

4. That this special compensatory mechanism tends to have a limit, 
and when the anemia becomes extreme (30 per cent Hb.), and the 
anemic anoxia surpasses it, all the hearts are weakened, become di- 
lated, and develop hemic murmurs. 

5. That, whenever anemia prevails in a group of patients, this special 
compensatory mechanism develops among them with more frequency, 
and, hence, with less frequency will hemic murmurs appear among 
them during subsequent anemias. 

6. That youthfulness does not necessarily imply a better heart. The 
hearts of persons over 50 years of age, after having developed this 
special compensatory mechanism, are more efficient in withstanding 
anemic anoxia than the youthful hearts of persons less than 30 years 
of age that have not as yet developed this special compensatory 
mechanism. 


7. That, after this special compensatory mechanism is developed, it 
continues to function throughout life, and allows the heart to with- 
stand severe subsequent anemias that may develop in- old age (over 
;»0 years), and even in senility (over 70 years), without weakening, 
dilating, or developing hemic murmurs. 

8. That, by inference, (a) since the ability of the heart to tolerate 

anoxia of exercise induced by increased metabolic rate, with its enor- 
mous increase in oxygen demand (it is calculated that, in spite of its 
small size compared with that of the rest, of the body, the heart burns 
during exercise as much oxygen as the rest of the body during re- 
\ !' !' S , 5 amjamental basis of all tests for cardiac reserve? (b) since 

anoxia induced by exercise is even being substituted by anoxia induced 
? Ul tension of the inspired air in special electro- 

f, f C and (e) .since anoxia 

s the .undamentni factor and it mate „„ difference rvbcthcr myo- 

, bean 

• I ■ -dt> dcieloj. tins specm! compensatory mechanism for anemic 
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anoxia, if it continues to function throughout life, would be just as 
well prepared to withstand, with the same ease, the anoxia of exercise 
as the anoxia of future anemias ; and, hence, a previous, temporary 
anemia may be capable of permanently transforming an ordinary, 
normal heart into a more efficient one with greater cardiac re- 
serve and more functional capacity. 

9. That, by inference, since, physiopathologieally, it also makes no 
difference whether anoxia is of anemic or ischemic (obstructive) origin, 
the same special compensatory mechanism will enable the heart to 
withstand anemic as well as ischemic anoxia ; and, therefore, after this 
special compensatory mechanism is fully developed, the heart would 
be just as well prepared to endure, with the same impunity, subse- 
quent anemias that may develop in old age, as well as the coronary 
sclerotic changes of late middle, and old, age. 

Thus we may say that the new cardiologic phenomenon, mentioned 
in the beginning, whose presence was suggested by clinical observa- 
tions, probably exists, and does not necessarily constitute a great 
paradox, namely, moderate temporary anemia may exert a beneficial 
effect on the heart by compelling it to develop some special compensatory 
mechanism that continues to function throughout life, and allows the 
heart to tolerate with impunity, up to a certain limit, the myocardial 
anoxia that develops from subsequent anemias, as well as from exertion 
or coronary sclerosis. 

We have to try now to find a reasonable physioanatomic explana- 
tion of the nature of this special compensatory mechanism and the 
manner in which it is developed. 

It is known, of course, that compensation for anemia is carried out 
by the organism as a whole ; in part, by forcing hemoglobin to liberate 
a greater amount of its load of oxygen to the tissues ; in part, by forc- 
ing the tissues to utilize oxygen with greater efficiency; but mainly, 
by forcing the heart to pump an increased minute-volume of blood to 
the tissues. 26 ’ 27 

Scaramucci, an Italian of the seventeenth century, first called atten- 
tion to the fact that the flow of blood in the coronary arteries occurs 
mainly during diastole, instead of systole, as in the rest of the arterial 
tree, because the coronary arteries are compressed during systole bj r 
the contraction of the cardiac muscle. We also know that tachycardia 
takes place mainly at the expense of the diastolic period, with rela- 
tively little reduction in the systolic period. Tachycardia, therefore, 
results in a greater increase in transportation of oxygen thioughout 
the systemic arterial system than in the coronary arteries. 

In order that the heart may be able to compensate for its own anemic 
anoxia, with the added burden of the increased work that is imposed 
upon it to compensate for the anemic anoxia of the entire oiganism, 
and without being able to utilize as favorably its own increased 1 ate 
for its own increased oxygenation, it must necessarily provide itself 
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with an added means of augmenting the minute-volume flow of blood 
that reaches its muscle fibers. 

According to Wearn, 22 the adult human heart has what can be called 
a perfect proportion of one capillary per muscle fiber. This represents 
an average of approximately 3,342 capillaries per square millimeter of 
cardiac muscle, and about twice the number of capillaries per muscle 
fiber in skeletal muscles. Obviously, any compensatory increase in 
blood supply to the heart muscle should be looked for in the coronary 
arterial system that supplies this prodigious capillary hod. 

It is no longer considered that the coronary circulatory system is an 
end-artery system. On page 549 of Gray’s Anatomy, twenty-fourth 
edition, it is stated that there is an extensive anastomosis between the 
small branches of the coronary arteries in the substance of the heart. 
Besides these extensive intercoronary anastomoses, the coronary ar- 
teries communicate with extraeardiae arteries 'and also with the ven- 
tricular canties through arterioluminal and artcriosinusoidal vessels. 4 ’ 22 

According to Goldsmith and Butler, 21 among the higher vertebrates 
the thebesian or intcrtrabeeular circulation is the primitive one and the 
one that functions in the fetus long before the coronary system is 
developed. Some of these thebesian vessels become permanently in- 
corporated in the coronary arterial system, and some remain as per- 
manent arterial communications between the coronary arteries and the 
internal cavities of the heart. The thebesian veins drain the capillary 
spaces directly into the internal cavities of the heart. By retrograde 
flow these veins may also contribute to the nutrition of the myocardium. 

We see, therefore, that in the anatomic sense the coronary arteries 
are not terminal arteries. Nevertheless, all this vast net of collateral 
vessels exist only as a potential, nonfunctioning, impermeable anas- 
tomosis. Hence, in the physiologic sense the coronary artery' system 
continues to be an end-arterv system, and myocardial infarction oc- 


curs when one of its branches is suddenly obliterated. 23 

Blurngart, Schlesinger, and Davis 15 have shown that in the normal 
heart there are no intercoronary' anastomoses larger than 40 miera in 
diameter, but that anastomotic vessels less than 40 miera in diameter 
aie ' cry numerous, and that they' can be easily' demonstrated when 
injections are performed with watery fluid of low viscosity. In other 
words, these numerous intercoronary anastomotic vessels which are 
found in normal hearts are too small to permit the flow of a liquid 
with the viscosity of normal blood, and, therefore, are of no functional 
significance. 

On the eontr.ny, in hearts which were the seat, of chronic coronary 
obstruction these authors were able to demonstrate a marked increase 

onn lY 17 '* 03 htSe inlerco ™ nar - v anastomotic vessels, reaching up to 
~ . in hence, with full functional capacity be- 

. "V cou ‘ >( i “O^tod with a lead-agar mass. Furthermore, 
U i0rS provcd h - v comparative elinicopalhologie studies that, if 
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occlusion of a coronary artery takes place gradually, throughout months 
or years, with a concomitant efficient development of these intercoro- 
nary anastomotic vessels, (1) the supply to the corresponding portion 
of myocardium remains adequate for the ordinary activities of life ; 
(2) there are no demonstrable physical signs or symptoms during the 
lifetime of the patient; and (3) no scar can he demonstrated in the 
myocardium at autopsy. Therefore, the extraordinary compensatory 
significance of collateral circulation through enlarged intercoronary 
anastomotic vessels in myocardial areas subjected to chronic ischemia 
is emphasized. 

Now these enlarged, fully functional, intercoronary anastomotic ves- 
sels, with full compensatory capacity, have been demonstrated both 
at autopsy and experimentally in dogs, always and exclusively asso- 
ciated with chronic obstruction in the coronary arteries and their 
_ branches. 19 ’ 20 ’ 24 Therefore, it has been generally believed that the 
increase in pressure induced by chronic obstruction in the coronary 
circuit is /the only factor responsible, and the only one able to force 
dilatation and to initiate blood flow, with subsequent development of 
these small, previously impervious and nonfunetioning intereoronary 
anastomotic vessels. 

Anemia causes no increase in pressure in the coronary circuit, but, 
since anemia reduces considerably the viscosity of the blood and through 
anoxemia induces very marked vasodilatation, and since in circulatory 
dynamics the sum of these two factors, vasodilatation plus reduced 
viscosity, is always capable of compensating for a lack of a moderate 
increase in pressure, we may conclude tentatively : 

1. That it is not necessary, as is generally believed, for the coronary 
arteries to become chronically obstructed in order to force, through 
an increase in pressure, these collateral intercommunicating vessels to 
become dilated and assume efficient function. 

2. That anemia by itself, with the ordinary pressure in the coronary 
circuit, but helped by the vasodilatation and reduction of blood vis- 
cosity that it produces, may be equally capable of starting blood flow, 
with the subsequent development of the collateral anastomotic vessels 
of the coronary arterial system. 

3. That, with chronic coronary obstruction, the increased pressure 
induced in the coronary circuit can only exert its force and produce 
active dilatation in the intercoronary communicating branches; the 
other, very important arterioluminal and arteriosinusoidal anastomotic 
vessels could not be affected directly because the flow of blood in these 
vessels is in an opposite direction, that is, from the ventricular cav- 
ities toward. the capillary bed of the myocardium. 

4. That, with anemia, on the contrary, the passive, spontaneous vaso- 
dilation induced by anemic anoxia, .plus the reduced viscosity of the 

. blood, would exert an opening effect in the entire system of previously 
impervious anastomotic vessels. 
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5. That this probable ability of anemia to eslablish efficient function 
in the whole, vast, previously impervious collateral anastomotic circu- 
latory system of the heart, including the extracardiac, arterioluminal, 
and arteriosinusoidal, besides the iniercoronary vessels, may account 
for the special compensatory mechanism that the heart is capable of 
developing when compelled to do so by anemic anoxia. 

Furthermore, bow jealously tbe human organism guards itself against 
anoxemia and the numerous defences that arc capable of being called 
into action as soon as oxygen hunger develops are "well hnown. Since 
in the anoxemia of high altitudes (over 5,000 ft.) the organism is 
capable of compelling the hematopoietic system to produce a compen- 
satory hyperglobulia and hyperhcmoglobinemia ; since, as shown ex- 
perimentally in dogs by Whipple, 34 when anemia is superimposed on 
a severe dietary protein restriction, the organism is capable of altering 
protein metabolism in order to utilize tbe little amount of protein in- 
gested, first and preferably, in the manufacture of hemoglobin, before 
any serum albumin or serum globulin is formed, with complete dis- 
regard for the edema which results from reduced osmotic pressure in 
the blood; since, in anemic anoxia, as mentioned before, the organism 
is capable of altering the oxidative processes in order to compel the 
hemoglobin to liberate a larger proportion of its oxygen load to the 
tissues and to compel the tissues to utilize oxygen more efficiently; 
and .since, even in avascular tissues like the cornea, when its oxidative 
system is impaired, compensatory vascularization takes place to over- 
come local asphyxia, it should also be possible and is to be expected 
that, in the presence of chronic myocardial anemic anoxia, the organ- 
ism may simply call into rapid growth and full function its vast re- 
serve of undeveloped collateral anastomotic coronary vessels, in order 
to provide the myocardium with a compensatory increase in blood 
supply. 


This is probable, not only from a physiologic point of View, but 
anatomically, it is also feasible, for, according to Goldsmith and Butler, 21 
the coronary arterial system probably develops by budding instead of 
by the coalescence of intercellular spaces; and, according to We aim, 22 
there is a constant morphologic alteration in the coronary circulation 
of the normal human heart, with progressive improvement in the capil- 
lary, muscle-fiber ratio from one capillary per five muscle fibers at 
birth to one capillary for each muscle fiber at full maturity (SO years 
of age), after which this ratio remains constant throughout life.* 
Hence we venture to propose the following tentative theory: 

The existence, of a moderately severe hut tolerable anemia for a suf- 
ficieni length of time is capable of exerting a distinctly beneficial effect 


ratio , lo< * n „, t , ;M t „ ln> . 

... adult myo cardial 

of the newborn. Thus, higher fn- 

to those over zd'i'Wfdf , t , han , 2f) Of age, aa cam- 

■ V.K t-rprov,.! be explained 
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on the normal human heart by 'permanently changing the imperfect, 
susceptible , and dangerous coronary circulatory system (of the. end- 
artery type, in the physiologic sense ) into a much more efficient, well- 
guarded, nonsusceptible, and nondangerous one, with total development 
and full function in all its vast reserve of intercommunicating vessels. 

That nature, a priori, should not deny man a physiologic method 
of developing the facultative function of this vast net of collateral 
anastomotic vessels in order to perfect the cardiac coronary arterial 
system and bring it up to par with the prodigious capillary bed with 
which the heart is provided beforehand, should follow from the fact 
that there is provision for a period of physiologic anemia in infancy, 
during all the time of exclusive lactation beyond six months, because 
of the deficiency of iron in milk, and because the child can accumulate 
only about a six months’ reserve of iron during fetal life. 

And while modern pediatricians pride themselves for their efficiency 
in eliminating this phj^siologie anemia of infancy with their ever ad- 
vancing methods of supplementary feedings, modern surgeons are ex- 
erting themselves in trying to develop and to perfect even the most 
heroic surgical methods 28 ' 32 that would give the desperately needed 
additional blood supply to the hearts of an ever increasing number of 
middle-aged patients, especially among the intellectual classes. 

According to Marvin, 33 among these surgical methods, cardio-omen- 
topexy and the implantation of the pectoralis minor on the heart have 
proved so far of very limited value, and he believes that they will have 
to be abandoned, but Brauer’s artificial adhesive mediastinopericarditis 
has helped a few patients, and cannot be totally discarded. 

May the day come soon -when we can identify beyond doubt, and 
can feel fully justified in cooperating with, nature’s methods, and can 
discard all heroic surgical procedures, not because of their imperfec- 
tions, but because they are not necessary. 

White, at the end of his book on heart disease, 3 has added an ap- 
pendix of cardiological questions that have not been answered. Num- 
ber 105, on page 885, reads as follows : “ Why is angina pectoris so rare 
in the Negro race”? This is so, in spite of the fact that syphilis is 
more prevalent among Negroes than among whites in America. Among 
these American Negroes there are also much poverty, avitaminosis, and 
protein malnutrition, besides uncinariasis (in the South) and the habit 
of prolonged breast feeding of their children. Anemia in their youth, 
therefore, may have improved their coronary circulatory system to 
such an extent that, when they reach late middle age, they are capable, 
as are the peasants (whites) in Puerto Rico, of enduring aortitis and 
coronary artery disease without developing cardiac anoxia, and, hence, 
without angina pectoris. 

Naturally, our only intention has been to try to develop and to pro- 
pose this tentative theory, and not to commit the error of assuming 
that it is already established and could have any application as yet. 
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We do not call this a preliminary report only because we are afraid 
that, in the mountains of Puerto Pico, without facilities, we shall never 
be able to proceed any further, but we ardently hope that someone 
better equipped will be sufficiently stimulated to carry on and see 
whether it is possible to demonstrate, experimentally in dogs kept 
sufficiently anemic for a sufficient length of time, and in autopsies in 
eases in which there was a definite history of anemia in youth, the 
presence of a structural improvement in the coronary circulatory system. 

Substantiation of this theory, and not its enunciation, would repre- 
sent a truly valuable contribution to humanity, for only its absolute 
verification would make its application permissible, and only then 
would a promising new road be laid open to the prophylaxis of coro- 
nary heart disease, and, perhaps, even to the addition of a number of 
useful years to the average life span of man. 
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CARDIAC HYPERTROPHY OP UNKNOWN CAUSE 

A Study of the Clinical and Pathologic Features in Ten Adults 

Robert L. Levy, M.D., and William C. Yon Glaiin, M.D. 

New York, N. Y r . 


T HERE is a group of eases, observed in youth and in adult life, 
which is characterized chiefly by cardiac hypertrophy of obscure 
etiology. Most of these patients suffer, over varying periods of time, 
from recun'ing attacks of cardiac insufficiency of increasing severity; 
some die suddenly. Excluding the ten eases forming the basis of this 
study, reports of only fourteen examples of this condition were found 
in which a careful search at autopsy failed to reveal lesions charac- 
teristic of the familiar causes of heart disease. The first was recorded 
by Josserand and Gallavardin, 1 in 1901 (their Case 3). Laubry and 
Walser® reported a second in 1925, and applied the descriptive term 
"myoeardie,” Walser, 3 in his monograph, added a third. Cabot’s 
messenger boy* first bad symptoms of heart failure one year before 
his death at the age of 16 years. In 1933, Levy and Rousselot 5 re- 
ported three cases in young adults, one of which was subsequently 
discarded because of the possibility that the cardiac lesions were due 
to abnormal glycogen storage (von Gierke’s disease). Whittle’s Cam- 
bridge student,’ referred to by these authors, should likewise be omitted, 
for post-mortem examination revealed a hypoplastic aorta and an en- 
larged thymus gland. 

In 1937, Levy and Yon Glahn, 7 in abstract form, recorded observa- 
tions on ten eases, including two of those previously reported by Levy 
and Rousselot. It became apparent that, although the condition was 
uncommon, it was not as rare as had been believed, and that it pre- 
sented a distinct pattern, both clinically and at autopsy. Subsequently, 
von Bonstorff* described eight eases from the Thorndike Memorial 
Laboratory of the Boston City Hospital, and Reisinger and Blurnen- 
thal,' J two cases from the Veterans’ Administration in Washington. 
Three additional cases included by the latter authors are not con- 
sidered acceptable because of probable syphilitic lesions in the aorta. 
The tobacconist, whose story was given by Ivjaergaard 10 and cited by 
von Bonstorff, must be omitted because of the incomplete autopsy 
notes and the statement that, microscopically, fatty degeneration and 
slight inflammatory lesions were found in the heart. Eleven cases are 
mention ed as falling into the category of "hypertrophy of uncertain 
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etiology” by Kaplan, Clark, and de.la Chapelle, 11 and another is re- 
ferred to by Dexter and Farnsworth, 1 - but individual histories and 
autopsy protocols are lacking, so that they cannot properly be in- 
cluded in the series. Deficiency of vitamin 23 was considered respon- 
sible for the cardiac disturbances in Dock’s eases. 13 Those of Smith 
and Fui th n ere characterized by marked and widespread endocardial 
fibiosis. *1 here is a curious form of degeneration of the myocardium 
associated with pregnancy and the puerp erium, which results in con- 
gestive heart failure. 10 * 1G It presents the common factor of unknown 
cause, but does not otherwise resemble the disorder with which we are 
concerned. 

Although the main features of the ten eases to be described were 
given in our preliminary paper, 7 it has seemed desirable to document 
them by clinical histories and autopsy notes, as well as by suitable 
illustrations. A collection of such studies eventually may give a clue 
to the etiology. 


ABSTRACTS OF CLINICAL RECORDS AND AUTOPSY PROTOCOLS 


Case l. 4 ' — Unit No. 81203. G. T., a Negro man, married, aged 31 
years, was admitted to the surgical service on May 10, 1929. He had 
been a rock-driller for ten years. He complained of a painful swelling 
in the right groin which had been present for three weeks. There were 
no cardiac symptoms. He gave an indefinite history of "rheumatism” 
in the right hip fourteen years previously, which never recurred. He 
had gonorrhea at the age of .14 years. He never had a serious illness. 
He smoked two packages of cigarettes a day and rarely took alcohol. 


Examination showed that the heart was enlarged to the left. The 
sounds were of poor quality, and a soft sj r stolie murmur was heard at 
the apex. The blood pressure was 100/60. The Wasser maim reaction 
of the blood was negative. The leucocyte count was 9,700, with 70 per 
cent polymorphonuclears. The urine contained neither albumin nor 
sugar. Roentgenograms of the chest showed no areas suggesting tu- 
berculous infiltration, but the heart shadow was enormously enlarged, 
particularly to the left. 

A mass of infected lymph nodes in the right inguinal region was 
incised and drained. Microscopic examination of a bit of tissue re- 
moved at operation showed no tubercles and no caseation necrosis. 
A definite diagnosis of tuberculous adenitis could not be made. The 
patient was discharged on May 19, with a granulating wound. 

Twn wpp ks later he entered the city tuberculosis sanatorium at Sea- 
vie^rXe he Wined two and one-half months. While there a„ 

• , : \ r • vpnaired. He gamed 10 pounds and was told that 

lg-umal he , . u . y tuberculosis. The night before he left this 

he did not dysplle », and was unable to sleep 

mstrtutlon hehad h s hist ana ^ ‘ pjte of this &ct , Jle soon ro- 

be : 

aJir^n 1 lsssvsz. wtjsissssl*. 
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2 (three and one-half months after leaving the hospital and three days 
after resuming work), he was readmitted to a ward of the Presbyterian 
Hospital- 

On admission, he was quite short of breath and looked ill. The tem- 
perature was 101.2° F. There were coarse rales scattered throughout 
both lungs. The heart was greatly enlarged to the left. The rate was 
104, the rhythm was regular, and the sounds were of fair quality. 
There was a soft systolic murmur at the apex. The blood pressure 
was 98/72; it rose on the following day to 106/86. There was slight 
clubbing of the fingers. The liver and spleen were not enlarged. The 
erythrocyte count was 4,260,000; the hemoglobin, 80 per cent; and the 
leucocytes, 7,800, with 64 per cent polymorphonuelears. The Wasser- 
mann reaction of the blood was again negative. No tubercle bacilli 
were found in the sputum at any time. The blood urea was 26 mg. 
per 300 cubic centimeters. Numerous blood cultures were negative. 
Roentgenograms of the chest showed patchy ureas of density in the 
lower third of the right lung, suggesting pneumonic consolidation. 
The heart shadow was enormously enlarged. The electrocardiogram 
showed sinus tachycardia, with a rate of 120, and well-marked left 
axis deviation. The P-31 interval was 0.15 second. The T wave was 
inverted in Leads I and 31, and upright in Lead III. 

There was continuous elevation of temperature, with fluctuations 
from 98 to 104.8° 1L There was also sustained, tachycardia; the rate 
usually ranged between 90 and 310. On November 14, auricular fibril- 
lation, with a rate of .72, was observed. Four days later, shuts rhythm 
reappeared. The leucocytes were never greatly increased ; the highest 
count recorded was 12,000, with 85 per cent polymorphonuelears. There 
was no anemia. 

On September 32 (ten days after admission) he complained of sud- 
den blindness in the left eye, and it was apparent that an embolus had 
lodged in the central artery of the retina. Subsequently, expectoration 
of blood and pain in the left lumbar region suggested infarction of the 
lungs and left kidney. The blood pressure remained low — 100 to 108 
mm. Ilg, systolic; 64 to 88, diastolic. Cardiac insufficiency gradually 
increased and a cardiac psychosis developed. He died on December 30 
(four months after admission), of advanced myocardial insufficiency. 

Clinical Diagnosis N — Cardiac hypertrophy; cardiac thrombosis; 
chronic myocarditis; infarcts of lung and spleen; embolism of cen- 
tra! artery of retina. 

Autopsy No. 103G8. — Heart: Weight, 640 grams. There were small 
deposits of fibrin on the pericardial surface of both auricles and each 
ventricle; these were most marked at the apex. The auricles were of 
normal size, the ventricles were dilated, especially the right ventricle 
in the region of the conus. Both ventricular walls were hyper! rophied; 
the right measured 1.1 cm., the left. 2.5 cm., in thickness. The papil- 
lary muscles of the right ventricle were somewhat hypertrophied. At 
the apex of the right ventricle there were numerous small thrombi, 
and similar thrombi were present between the eolumnae carneae at. the 
apex of the left ventricle. Beneath these thrombi in the left ventricle 
the myocardium was greatly thinned out, and fine fibrous strands ex- 
tended from the endocardium into the muscle. The endocardium of 
the septal portions and anterior wall of the right ventricle was lltick- 


, 'JF'. Ui.-itr nogr-r are pfve-n exactly as th'-v 

t..rn}noio ( ry varies v.ith the current fashion, depen din; 


appeared on the chart*. The 
upon the date of observation. 
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ened to form narrow white streaks. The endocardium of the left ven- 
tricle was thickened. The tricuspid valve had four cusps; the other 
valves were normal except for slight thickening- of the margin of the 

mitral cusps. • > • 

The coronary arteries were normal except for slight intimal thicken- 
ing of the left branch. 

Aorta: Normal. 

Histologic Examination . — The myocardium was hypertrophied; the 
nuclei were irregular in shape. Occasionally, small hemorrhages sepa- 
rated the muscle fibers. On the endocardial surface there were com- 
pletely organized and more recently formed thrombi. There was no 
acute inflammatory reaction. Gram and Levaditi stains did not reveal 
any organisms. 

Final Note . — The central lesion at autopsy was an enlarged heart, 
with parietal thrombi but without any significant valvular or myo- 
cardial lesions. The changes in the other organs were those associated 
with embolism and infarction from mural thrombi and with cardiac 
insufficiency. It view of the patient’s history of ten years of rock- 
drilling, one might anticipate silicotic changes. The cough and roent- 
genologic observations were in accord with this possibility, but sections 
of the lung offered no support for this diagnosis. The enlarged lymph 
nodes in the groin, because of which the patient originally entered the 
hospital, contained structures which resembled tubercles, but the etiology 
could not be proved. The cause of the cardiac dilatation and mural 
thrombosis remained undiscovered. There were no clear-cut inflam- 
matory changes other than those associated with the organizing thrombi. 

Anatomic Diagnosis . — Cardiac hypertrophy and dilatation; mural 
thrombi in ventricles: infarcts of lung, right, and both kidneys; chronic 
passive congestion of viscera; hydrothorax, bilateral; hydropericardium; 
ascites; edema of extremities; tuberculosis of inguinal 'lymph nodes; 
chronic prostatitis; congenital malformation of heart (patent foramen 
ovale and quadricuspid tricuspid valve). 

Case 2. — Unit No. 52367. E. If., a white woman, aged 48 years, a 
housewife, was admitted to the hospital on Dec. 23, 1921, complaining 
of shortness of breath and pain in the lower abdomen. Several years 
previously hysterectomy was performed because of bleeding fibroids. 
For eight months she was short of breath and distended. There was 
pain in both arms and in both lower abdominal quadrants. The ankles 
and legs were swollen for two months. 

Examination showed dyspnea, orthopnea, and cyanosis. The veins 
of the neck were distended. The temperature was 100.4° F. There 
were signs of congestion in both lungs, with fluid in the right pleural 
sac. The heart was greatly enlarged to the left. The cardiac rhythm 
was totally irregular; +he rate ranged from 80 to 120. The blood pres- 
sure was 130/80. The liver was enlarged. There was marked edema 
of the lower extremities. 

During the night after admission she became weaker, the pulse grew 
feebler, and she died of myocardial insufficiency. 

Clinical Diagnosis . — Chronic myocarditis; cardiac hypertrophy and 
dilatation ; cardiac insufficiency; auricular fibrillation. 

Autopsy No. 9185. — Heart: Weight, 550 grams. There was an adhe- 
sion between the posterior surface of both ventricles and the parietal 
pericardium ; this adhesion covered an area of about 4 cm., with its 
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upper margin at the auriculovenlricular grooves. The apex of the 
heart was blunt and rounded, and was formed by both ventricles. All 
of the cavities were dilated, especially that of the right, ventricle. The 
various valves were normal. At the apex of the left ventricle there 
was a large, dark-red thrombus with a corrugated surface. The endo- 
cardium of the left ventricle was grey and more opaque than normal, 
but in the other chambers it was unaltered. The myocardium was pale 
red, flabby, and without any obvious increase of connective tissue. 
The right' ventricle was 6 mm. in thickness, the left, 14 millimeters. 
Only a few areas of early sclerosis were found in the coronary arteries. 

Aorta. This was moderately sclerotic. 

Histologic Examination. — Heart: The myocardium of the left ven- 
tricle was moderately hypertrophied; the nuclei were larger than nor- 
mal and were hyperchromatic. There was no necrosis and no scarring. 
The capillaries were engorged (Fig. 1). The arterioles were normal. 



Fie- 1. — Case 2. Hypertrophy of myocardium. 


I' inal IS otc. The autopsy offered no satisfactory explanation of the 
cardiac derangement. There were no changes in the myocardium or 
peripheral arteries sufficient to explain the cardiac incompetency. 

Anatomic J)mg7io$is.-—Oar(\iaa hypertrophy ; pericardial adhesion; 
thrombus of left ventricle; infarcts in lung, right, and kidney, left; 
chronic passive congestion of viscera: hvdrothorax, right; ascites; 
adenoma of thyroid. 


Case 3. Tjnit Xo. 35fi074. I). E., a white man, aged 56 years, mar- 
\ an unemployed salesman, was admitted to the hospital on Oct. 7, 
lJ3w, complaining of swelling of the ankles and asthma. He had pneu- 
moma twelve years previously, and this was followed by attacks of 
as nmn, which persisted. There was almost, continuous wheezing; 
^nea was worse on exertion. Skin tests were negative for allergic 
sensitivity. The asthma was worse in winter than in summer. Eating 
icet and exposure to dog’s hair aggravated the condition. 
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Three months earlier liis business failed and he was forced to give 
up his motor ear. This necessitated more walking, and he climbed 
many flights of stairs in the effort to make a living. Edema of the 
ankles steadily increased. He was given digitalis without apparent 
benefit. For twenty-four hours before admission, his wife noted cyanosis 
• and an increase in the heart rate to 120. 

9 ■ 

Examination showed the man to be acutely ill, cyanotic, dvspneic, 
and orthopneic. There were rales and dullness at the bases of both 
lungs. The heart was greatly enlarged. The rate was 100; the rhythm 
was regular save for occasional premature beats. The sounds were 
feeble; a blowing systolic murmur was heard at the apex. The blood 
pressure was 150/95. The liver was enlarged. There was marked 
edema of the extremities. The peripheral arteries were thickened. 

The temperature was normal. The leucocytes numbered 13,200, with 
73 per cent p o!y mo rph onu e 1 ea rs. The Wassermann reaction of the 
blood was negative. The blood urea was 41 mg. per 100 cubic centi- 
meters. A roentgenogram of the heart showed the total transverse 
diameter to measure 14.2 cm. ; the internal diameter of the chest was 
26 centimeters. 

The following morning he was less cyanotic, but the respirations 
were shallow. The blood pressure fell to 115/75. He was placed in an 
oxygen tent and was given digitalis. He died twenty-three hours fol- 
lowing admission, after expectorating a mouthful of dark blood. 

Glinicdl Diagnosis . — Interstitial emphysema, postinfectional ; chronic 
bronchitis; myocardial disease due to emphysema; arteriosclerosis of 
coronary arteries ; cardiac insufficiency. 

Autopsy No. 11063. — Heart: Weight, 480 grams. Along the auriculo- 
ventricular grooves there was a considerable amount of fat. The peri- 
cardial surfaces were smooth. The cavity of the right ventricle was 
slightly enlarged ; the ventricular wall was 7 mm. in thickness. The wall 
of the left ventricle was 20 mm. thick; the cavity of the ventricle was 
only a little larger than normal. The myocardium was dark-red, coarser 
than normal, and did not appear scarred. There was moderate hyper- 
trophy of the papillary muscles of the left ventricle. The leaflets of the 
aortic valves were somewhat thickened in their basal portions, whereas 
the other parts of the cusps were thin and delicate. The other valves 
were normal. In the intima of the coronary arteries there were small 
yellow plaques that were not calcified and did not narrow the lumen. 

Aorta: A few scattered yellow areas were seen in the intima of the 
ascending portion of the vessel. Similar areas were more numerous in 
the thoracic and abdominal portions; in the latter situation some of the 
plaques had undergone fatty degeneration, but none was calcified. 

Histologic Examination. — Heart: The muscle fibres were larger than 
normal, their nuclei hyperchromatic and of irregular shapes. The myo- 
fibrils were coarse. The muscle coat of the arterioles was somewhat 
hypertrophied. The veins were distended. 

Aorta: The section included one of the largest plaques. The changes 
were those of moderately advanced sclerosis. 

Final Note . — There were no cardiac lesions of any importance. The 
remaining visceral lesions were trivial, and threw no light on the case. 

Anatomic Diagnosis . — Cardiac hypertrophy and dilatation; edema of 
legs and back;' chronic bronchitis; benign hypertrophy of prostate; 
arteriosclerosis, mild. 
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4.__Unit No. 28294-9. J. R. f a Negro man, aged 42 years, single, 
an elevator operator, was first admitted to the hospital on Jan. 9, 1933, 
complaining of pain in the abdomen and swelling of the testicles. He 
had tvphoid fever at 3*2, and pneumonia at 30 years. There were fre- 
quent attacks of tonsillitis up to 192.1, hut none thereafter. He had a 
chancre wF n a young man, which was cauterized. He received no other 
treatment: mi other symptoms of syphilis developed. He took one or 
two drii "i whiskey and smoked fifteen to twenty cigarettes daily. He 
passed a lodge examination three years earlier. 

Ten days previously he noted shortness of breath after mounting two 
or three fliirhts of stairs. There was also severe pain in the right upper 
abdominal quadrant, followed, a few days later, by swelling of the 
scrotum. 

Examination showed dyspnea but no orthopnea. The retinal arteries 
were slightly sclerosed. There were rales at both lung bases. The heart, 
was enlarged. Tiie sounds were faint, with tick-tack quality. The blood 
pressure was 170/110. The liver was enlarged. There was marked 
edema of the legs, sacral region, penis, and scrotum. 

The Wassermann reaction of the blood, repeated on three occasions, 
was negative. The spinal fluid Wassermann was likewise negative. 
There was slight secondary anemia. The leucocytes numbered 10,500, 
with 65 per cent polymorphonuclears. The blood urea was 23 mg. per 
100 cubic centimeters. The electrocardiogram showed regular sinus 
rhythm; T, and T„ were upright, and T,. was inverted (Pig. 2). A 1 
roentgenogram of the heart showed the transverse diameter to measure 
35 cm.; internal diameter of the chest was 25.5 centimeters. The aorta 
was dilated, particularly in its ascending portion, suggesting aortitis. 
Tin-re were slight fever, up to 99.8° F., and moderate tachycardia; both 
subsided. Pour days after admission the blood pressure was 320/82; 
subv-quently it fell to 335/70. 

There was marked improvement following the usual therapy for 
cardiac insufficiency, and he was discharged at the end of three weeks. 

lie did not report until Nov. 3, 3933, and gave only a brief account 
of himself during the interval of nearly three years. He remained up 
•otd about. There were almost constant edema and some dyspnea. For 
four days t he symptoms had been markedly accent nated.' 

Examination was essentially as previously described. The blood pres- 
su" was 320/90. There was ascites, as well as edema of the extremities, 
;u wai region, and scrotum. The leucocytes numbered 9,900, with 64 per 
"' n [ polymorphonuclears. The Wassermann reaction of the blood was 
atmin negative. The electrocardiogram was similar to the one taken in 
I '•<’]. There was no fever. 


1 he patient died suddenly twenty-four hours after admission, with 
marked dyspnea but no cardiac pain. 

(luiica! DiaynoHVs . — -Generalized arteriosclerosis; arteriosclerotic heart 
disease; cardiac hypertrophy due to overstrain; cardiac insufficiency. 

Autopsy So, 11373. — Heart: Weight, 500 grams. It was symmetri- 
<-a]h }>} pertrophied. A lew grey, nodular thickenings of the epicardium 
were seen along the branches of the right coronary artery. The epi- 
cak hum i elsmvhf'i-e was normal, and the subepicardial fat was abundant. 

no wall ol the right auricle was thicker than normal. The tricuspid 
mallets were edematous along the free margins. The chordae tendineae 
verr delicate, the cavity of the right ventricle was enlarged. The left 
amide was not dilated. Along the line of closure of the anterior cusp 
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of the mitral valve there was a row of minute, greyish-yellow nodules. - 
The chordae tendineae were normal. The papillary muscles were large, 
and, beneath the endocardium of the anterior muscle, there was a small, 
recent hemorrhage. The pulmonic and aortic valves were normal. The 
endocardium throughout the heart was normal. The myocardium was 
firm, reddish brown, and somewhat coarsely trabeculated. No scarring 
could be seen. The wall of the right ventricle measured from 3 to 5 nun. 
in thickness, and that of the left ventricle, 15 millimeters. Only an occa- 
sional, small, sclerotic plaque was found in the intima of the proximal 
portion of each coronary artery. 

Aorta : A few atherosclerotic plaques were present. 



Pig-. 2. — Electrocardiograms in Case 4. A, Jan. 10, 1931: sinus rhythm; rate 98. 
P-R — 0.1G second. T waves are of low amplitude in Lead I ; inverted in Leads II 
and III. Patient received 0.9 Gm. of digitalis on preceding day. B, Nov. 4. 1933 : 
slight alterations in T waves, due probably to absence of digitalis effect No changes 
indicating serious myocardial damage. Patient died suddenly ten hours after this 
record was taken. 


Histologic Examination. — Heart: The myocardium was hyper- 
trophied, and the nuclei were hy perch romatic. There was no scarring. 
The intima of an occasional small branch of the coronary arteries was 
slightly thickened, whereas that of a larger branch was moderately 
thick, but the lumen was very little reduced in size and the heart muscle 
supplied by it was intact. Section through one of the nodules on the 
mitral valve did not disclose any evidence of rheumatic disease. 

Aorta: The intima was uniformly and moderately thickened by 
fibrillar material. The media and adventitia were normal. 

Final Note . — No explanation was forthcoming for the very decided 
cardiac hypertrophy, especially of the right ventricle. There was only 
one blood pressure reading ; it indicated hypertension two years before, 
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]/ut the recent measurements hud been low. Aside from the lack of 
positive data, no arteriolar lesions of any significance were found to 
support a diagnosis of hypertensive disease. 

Anatomic Diagnosis .— Cardiac hypertrophy and dilatation; chronic 
passive congestion of viscera; edema of lungs; anasarca; ascites; ulcer 
of stomach, healed. 


Case f>.— Unit No. 84039. IT. S., a white man, aged 67 years, single, 
a porter, was first admitted to the hospital on Feb. 15, 1917, complaining 
of dvspnea. He was bom in Germany and worked there on a farm. At 
27 years, he had smallpox. For six years he worked around the Presby- 
terian Hospital as porter and handy man. He took two beers daily and 
a drink of whiskey before breakfast, as well as an occasional glass of 
wine. He smoked two pipes a day and an occasional cigar. 

For one month be had noted difficulty in breathing on climbing stairs. 
This became progressively more marked and work was impossible. Soon 
after dyspnea appeared, bis feet began to swell. There was no cardiac pain. 

Examination showed moderate dyspnea. The lungs were normal. The 
heart was markedly enlarged. The sounds were faint. The rhythm was 
regular. No murmurs were heard. There was slight edema of the 
legs and feet. 

The temperature rose to 100.4° F. on the second day, but returned 
promptly to normal.. The blood pressure was 350/92. There was no 
anemia. The leucocytes numbered 0,500, with 74 per cent polymorpho- 
mu-lears. 

AtVr six days he was discharged, improved. He worked around the 
hospital for two and one-half weeks and was then again admitted with 
the ‘-ame complaints and similar findings. He improved after a rest 
of tfii days. 


His final admission was on March 29. During the eight days after his 
discharge he remained quiet, but dyspnea and edema recurred. A liter 
of fluid was removed from the light pleural cavity and 500 c.c. from the 
left. Gallo]) rhythm appeared. The temperature rose to 102.4° F. The 
blood pressure was 332/96. He failed to improve, and died, fen days 
after admission, of progressive myocardial insufficiency. 

Clinical Diagnosis . — Chronic myocarditis; chronic bronchitis; cardiac 
insufficiency. 

Autopsy No. 87'OJ. — Heart: Weight, 620 grams. The epicardium 
was thickened and white over a large area on the right ventricle. In the 
right auricular appendage there were some small thrombi. The endo- 
cardium of all the chambers was normal. The tricuspid and pulmonary 
valves were normal. Tin; mitral leaflets were somewhat thickened along 
the free border; the aortic cusps were moderately sclerotic at their bases, 
although the upper portions were 1hm and delicate. At the apex of the 
left ventricle and over the septum there were several large thrombi; the 
largest of these was almost 1 cm. in its greatest diameter. The endo- 
earunnn beneath these thrombi was not thickened. The myocardium was 
coarse; bs color and texture were normal, and there was no evident 
iITTcf ycntrieular wall measured 2 to 4 mm. in thickness; 

‘ * , 1 ’ { " 0 ] 3 millimeters. The coronary arteries were slightly lorlu- 
ouc and were almost free of atheroma. 

plaques* : tbe sinusts of Halsaiva there were a few small sclerotic 


lliDoh.rdc Ti yarn inn (ion . 1 1 cart : The muscle 
lt the nuclei were barter il.nn n, ; 


fibers 


were hyper- 


vt-rc larger than normal, of irregular shapes, and 
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frequently liypereliromalic. In a few very small areas there was a 
trifling' increase of connective tissue between the myocardial fibers. A 
section through the tip of one of the papillary muscles of the left ven- 
tricle disclosed some scarring of the myocardium, with pigment-con- 
taining phagocytes in the scar. The muscle adjacent to the scar was 
vacuolated. The thrombi in the left ventricle were, in part, of very 
recent formation, but in other portions they were older, and showed 
beginning organization. The endocardium and myocardium were un- 
altered beneath the thrombi except for those changes incident to their 
organization. 

Aorta: The intima was slightly thickened by fibrillar tissue; the 
media and adventitia were normal. 

Anatomic Diagnosis . — Cardiac hypertrophy; thrombi in auricle, right, 
and ventricle, left; infarcts of lung and kidney; chronic passive con- 
gestion of viscera; hydrotliorax, bilateral; edema of lungs; benign 
hypertrophy of prostate. 

Case 6. — Unit No. 59224. AV. -J., a white man, aged 53 years, mar- 
ried, a dock laborer, was admitted to the hospital on Feb. 16, 1924, 
complaining of swelling of the legs and abdomen. He had pneumonia 
at 15 years of age. For about fifteen years he suffered from attacks 
of asthma, chiefly at night, and worse during hot weather. Asthma 
powders afforded* relief. There was no history of venereal disease. He 
took an occasional drink, but never imbibed excessively. For eight or 
ten years he had been short of breath on climbing stairs. He worked 
up to the onset of the present illness. 



Fi£. 3. — Case 6. Hypertrophy of myocardium -with slight fibrosis. 


Eight weeks before, he had a sharp pain in the right lower portion 
of the abdomen, relieved by heat. His abdomen soon began to swell 
and dyspnea became so severe that he was obliged to sleep in a chair 
Five days before admission his feet and legs became swollen • the swell 
ing increased rapidly. Asthmatic paroxysms were accompanied by 
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w \ xl j„ f he region of t he sternum and precordium. Attacks of cough 
arid dyspnea caused palpitation. 

Examination showed dyspnea, orthopnea, cyanosis, and marked edema 
of the leas, sacral re-don. genitals, and abdomen. Ascites was present. 
The heart, was greatly enlarged. The rhythm was irregular ; the rate, 
] 20 . r P, sounds were of poor quality and a loud gallop was heard. 
Then- • no murmurs. There were a few rales at the bases of the 
Inr c-. 'I ,‘ii-re was no peripheral vascular sclerosis. The blood pres- 

.... r.u'.ucd from J JO to .150 mm. Jig, systolic, and 70 to 90, diastolic. 

The temperature was J OJA' F. on admission, and ranged thereafter 
from 99 to 101.2'. A roentgenogram of the heart showed the trans- 
verse diameter to measure 17.0 cm.; the internal diameter of the chest 
was 21 centimeters. There was some widening of the aortic shadow. 
The electrocardiogram showed auricular fibrillation, with occasional 
ventricular ectopic beats. The T wave was inverted in Leads I and II, 
and upright in Lead JiJ. Left axis deviation was present. 

After rest and digitalis therapy, the heart rate fell to between 50 
and 00. and there was clinical improvement. On the second day after 
admission. while sitting in a chair, he suddenly became dyspneie and 
cyanotic, and died quickly, without evidence of pain. 

Clinical Diar/no.m. — Chronic myocarditis; cardiac hypertrophy ; auric- 
ular fibrillation; cardiac insufficiency; thrombosis of coronary artery. •’ 

Autopsy No. fJ'tftS. — Heart: Weight , 000 "nuns. Several small areas 
of thickening were present in the epicardium of the left ventricle. 
The mitral and aortic valve leaflets were slightly thickened, although 
not incompetent; the tricuspid and pulmonic valves were normal. The 
chordae tendineae were unaltered. The wall of the left, ventricle was 
thickened. In the coronary arteries there were a few sclerotic plaques. 

-vorfa : Many large and small, elevated, yellowish-white areas were 
present in the intima. 

IJistolof/ic Examination. — Heart ; The myocardial fibers were larger 
than normal; the nuclei were of irregular shapes, large and hyper- 
'•bromatic. Only rarely was any scarring found ; this was insignificant 
and consisted of an increase of collagen between the muscle /Fig. %). 
An occasional arteriole showed moderate eccentric thickening of its 
intima by fibrillar tissue. A small, fresh, endocardial hemorrhage was 
present in the left ventricle. 

Aorta: The intima was thicker than normal, and fat-containing 
phagocytes, in moderate numbers, were seen in it. The media and 
adventitia were unaltered. 

C iual Ante . — 7 be pathologic studv offered no explanation for the 
sudden death. 

Anatomic Diagnosis. — -Arteriosclerosis: cardiac hvpertrophv; emphy- 
sema. mild. 


-'ASK r .---I n it No. 159800. S. K., a white man. aged 29 years, inar- 
med, was first admitted to the hospital on .Sept. 17, 1927, complaining 
ot palpitation. JJe had been an automobile mechanic for twelve years 
'TP^ed unusually good health. He had gonorrhea at 20 years of 
•>~f. m, oemee syphilis. His consumption of alcohol and tobacco was 
•wy moderate, 

„ A 1 /' * :rKf ,F ?!K oon-^'ioas of cardiac irrcgularifv five vears previously, 
3n America. The irregular and vapid heating- of 

occurred in paroxysms lasting from five to fifteen minutes. 
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The attacks increased in frequency, and for two and one-half months 
tachycardia had persisted almost continuously. 

Examination showed a large, well-developed man. There was no 
dyspnea or cyanosis. The lungs were normal. The heart was con- 
siderably enlarged. The rate was variable, at times 120 to 160 per 
minute, with regular rhythm, then a few irregular beats, followed by 
a sudden drop to 60. The sounds were of moderate intensity. There 
was splitting of the first sound at the apex. No murmurs were heard. 
The peripheral vessels were not thickened. The blood pressure was 
110/80. The liver was not enlarged. There was no clubbing of the 
fingers. No edema was present. 

The temperature was normal and remained so throughout his stay 
in the hospital. The leucocytes numbered 12,000, with 63 per cent 
polymorphonuclears. There was no anemia. The Wassermann reac- 
tion of the blood was negative. The urine contained a faint trace of 
albumin. The total transverse diameter of the heart measured 17.8 
cm., the great vessels, 6 cm., and the internal diameter of the chest, 
30.5 centimeters. 

The heart rate varied greatly from day to day and from hour to 
hour. The dominant rhythm was a tachycardia which had its origin 
in the junctional tissues, with a rate of 50 to 160. Numerous ventric- 
ular premature beats occurred. The P-R interval, when it could be 
measured, varied from 0.22 to 0.31 second, and there was widening of 
QRS when nodal rhythm, with a slow rate, was present. The T wave 
was inverted in Lead I and upright in Leads II and III. 

The administration of quinidine, by mouth, did not affect either the 
rate or the rhythm. The use of digitalis, first in full doses, and then 
in maintenance ration, slowed the rate to 60, with occasional short 
paroxysms of tachycardia during which the rate rose to 120. The 
blood pressure rose to 130/70. On discharge, after four weeks in the 
hospital, the patient felt greatly improved, and was instructed to con- 
tinue with small, daily doses of digitalis. 

He was lost sight of until eight months later, when he came to the 
clinic desperately ill. After discharge from the hospital he again went 
to South America on a job, but had to quit work after five weeks 
because of recurrence of the paroxysms of tachycardia. He returned 
to this country two weeks before admission, and since that time had 
had. great difficulty in getting his breath. 

On the second admission, June 4, 1928, he was cold, and a clammy 
sweat covered the skin. The respirations were rapid and shallow. The 
pulse was barely palpable. The heart rate was about 180, and the 
rhythm was apparently regular. The temperature was 99.4° P. The 
blood pressure was 134/90. The Wassermann reaction of the blood 
was again negative. A blood culture showed no growth. The leuco- 
cyte count was 13,000, with 42 per cent polymorphonuclears. There 
was no anemia. The blood urea was 41 mg. per 100 cubic centimeters. 
Electrocardiograms showed, at times, auricular tachycardia with a rate 
of 170 and incomplete bundle branch block, and. at other times. A-Y 
nodal rhythm with a rate of 70 to 80, with complete bundle branch 
block and numerous ventricular premature beats. When the rate was 
slow, QRS measured 0.17 second; R was notched and T was inverted 
in all leads. The records were very different in form from those pre- 
viously obtained. 

•Dyspnea persisted and was more marked during the paroxysms of 
tachycardia. The administration of large doses of digitalis was -with- 



726 


AMERICAN HEART JOURNAL 


out apparent benefit. He began spitting up blood, evidently as a re- 
sult of pulmonary infarction. The temperature rose to 103.4° F„ and 
the leucocyte' count to ' 31,000, with 79 per cent polymorphonuclcars. 
Orthopnea and prostration became extreme, and he died on .June 10, 
six days after entering the hospital. 

Clinical Diagnosis. — Cardiac hypertrophy; chronic cardiac dilatation; 
infarct of heart; cardiac insufficiency; paroxysmal tachycardia; infarct 
of lung; premature contractions, auricular and ventricular; trypano- 
somiasis? 

Autopsy No. 10017. — Heart: Weight, 740 grams. The chambers of 
the heart were greatly dilated. There Avas hypertrophy of the col- 
uranae carneae and papillary muscles of each ventricle. At the apex 
of the left ventricle the Avail Avas thin; elsewhere it Avas hypertrophied, 
as Avas that of the right. The right ventricle measured 0.6 cm. in thick- 
ness, and the left A r entriele, 2.4 cm., except at the apex, AA'here it Avas 
0.5 centimeters. The only scarring found Avas in the posterior papil- 
lary muscle of the left ventricle. Between the eolumnae cai-neae of the 
left Arentriele there Avere several small thrombi. The valves Avere essen- 
tially normal. The chordae tendineae Avere unaltered. In the anterior 
descending branch of the left coronary artery there Avere many small 
areas of sclerosis; the coronary arteries Avere otherwise normal. 

Aorta: Normal except for small sclerotic areas near the origin of 
the branches. 

Histologic Examination. — Heart : The myocardium Avas hypertrophied. 
Areas of necrosis Avere present. In some places the muscle Avas degen- 
erating; in other portions it had been replaced by connective tissue. 
A dense band of fibrous tissue Avas found in the myocardium of the 
septum just beneath the endothelium; it Avas infiltrated Avith mononu- 
clear cells. In some places the endocardial surface Avas covered Avith 
small thrombi. 

Final Note. — Cardiac hypertrophy and dilatation Avere the dominant 
features of the post-mortem examination. There Avere no inflammatory 
or degenerative lesions in any part of the cardiovascular system. The 
A r arious embolic phenomena Avere secondary to the cardiac thrombi. 
After careful study of all of the material, no etiological basis for the 
heart lesion could be found. 

Anatomic Diagnosis. — Cardiac hypertrophy and dilatation ; infarcts 
of heart, old and recent; fibrous thickening of endocardium of ven- 
tricle, left; thrombi in ventricle, left; infarcts of lungs; infarct of 
kidney, right; hydrothorax, right; edema of lower extremities; chronic 
passive congestion of A'iscera; congenital malformation of aorta (com- 
mon origin of innominate and left common carotid arteries). 

Case 8. — Unit No. 497583. P. L., a Avhite Avoman, aged 66 years, a 
houseAvife, Avas admitted to the hospital on Sept. 5, 1.936, complaining 
of dyspnea and “heart attacks.” She Avas never strong. She had 
diphtheria at 7 years of age and pneumonia at 20 and 21 years of age. 
She Avas said to haA'e had tuberculosis at 23 years, cured after a year 
spent in India. Perineorrhaphy Avas performed at 38, and again at 41, 
years. Several bones had been broken in a motor car accident ten 
years before. She neither drank alcohol nor used tobacco. 

After the attack of diphtheria at 7 years, she had generalized 
dropsy which confined her to bed for a year. No information con- 
cerning the heart or kidneys Avas available. Thereafter, she was con- 
sidered well, but not robust. She ahvays became easily Avinded on 
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nlaving fames. At 52 years of age, she was told that her heart was 
lar"'e. hut she was not incapacitated. The blood pressure had been 
taken repeatedly and was always said to be normal. Seven years be- 
fore, an electrocardiogram showed no abnormal changes. For the pre- 
ceding six years she had been under the observation of Dr. H. E. B. 
Pardee, who found cardiac enlargement, intraventricular block in the 
electrocardiogram, and. under the fluoroseope, saw a knoblike shadow 
projecting from the right side of the heart. There were no evidences 
of eon festive failure. 

Six months before admission she suddenly developed an attack of 
precordial oppression and dyspnea. The heart rate was over 200. At 
the end of an hour, and after a hypodermic injection, it fell to 00. 
After that attack she was a cardiac invalid, and had dyspnea, edema, 
and three attacks of pulmonary congestion with fever up to 103° F. 
She had taken digitalis, scillaren, and ammonium chloride. 

Examination showed dyspnea, hut no cyanosis. There was slight 
edema of the ankles and sacral region. There were crackles at the 
bases of both lungs.- The heart was enlarged, extending to the left 
anterior axillary line. The rhythm was regular, the rate, 42. The 
sounds were of fair quality; a soft systolic blow was heard at the apex. 
The liver was markedly enlarged. The radial arteries were thickened. 
The blood pressure on admission was 140/105. Subsequent readings 
ran fed from 135 to 116, systolic, and 90 to 66. diastolic. 

The blood cell count was normal. The AVassermann reaction of the 
blood was negative. The blood urea was 35 mg. per 100 cubic centi- 
meters. A roentgenogram of the heart showed the transverse diameter 
to measure 17.2 cm.: the internal diameter of the chest was 22.3 centi- 
meters, There vvas slight calcification of the aortic knob. Fluoro- 
scopic exarnina’iort showed a hump in the contour of the right border 
anferolaterally. suggesting to the roentgenologist an aneurysm of the 
vight ventricle or an inlraperieardial aneurysm low in the aorta. The 
electrocardiogram, on admission, showed sinus rhythm with prolonged 
A A conduction and left bundle branch block. The P-K interval was 
0.33 second. QHS, 0.15 second. The T wave was inverted in Leads I 
and IT. upright in Lead IJT, and inverted in Lead TV. During the 
period of .observation, complete A-V heart block developed, with, at 
limes, auricular fibrillation and flutter. There were also paroxysms of 
ventricular taelne;.r<iia. which responded to quinidine therapy (Fig. 4), 

I- or a time, myocardial function improved. A skirt rash appeared, 
and was regarded as a toxic dermatitis of unknown cause. The tem- 
perature tor several weeks ranged from normal to 100.2° F., rising 
shortly betore death to 104.4°. The cause of the fever was unex- 
p, anion. A blood culture was negative. Two days before death, there 
were signs, oi right hemiplegia with left facial palsy. Two months 

«ij.m entering the hospital she died during a paroxvsm of ventricular 
tachycardia. 

Clinical Diaffnow , .— Arteriosclerotic heart disease; cardiac hyper- 

rophy; cardiac insufneienoy ; bundle branch block; auricular fibrilla- 
t> >n auricular flutter; \en1mular tachycardia; embolus to right Jenfi- 

W?nn ! ri<il7 wy infected thrombus: undiagnosed condition of skin ; 
to* or oi unknown origin. 

- «0 arums. It was uniformly 



729 


LEVY AND VON GLAHN : CARDIAC HYPERTROPHY 


of the heart were enlarged. The walls of the auricles did not appear 
to be hypertrophied ; those of the ventricles were somewhat thickened, 
that of the right ventricle measuring 5 mm., the left, 15 millimeters. 



Fig. g.— C ase 8. Hypertrophy of myocardium and scar of an area of previous necrosis. 


All of the papillary muscles were moderately enlarged. The tricuspid, 
pulmonic, and mitral valves were normal; the chordae tendineae were 
delicate. There was some thickening of the base of each aortic cusp ; 



730 


AMERICAN HEART JOURNAL 


(he remaining portion of the leaflets was normal. The myocardium o 
both ventricles was firm and reddish-brown. Fine, greyish streaks 
were present in the myocardium of the left ventricle, and the septal 
muscle was mottled with yellowish-grey areas. The endocardium over 
the septum was thickened below the aortic valve; elsewhere it was 
normal. Only a few, very small, yellowish areas were found in the 
intimn of the coronary arteries. 

Aorta: Small, slightly raised, yellowish-grey plaques were present 
in the inlima of the ascending portion. Similar areas were more nu- 
merous in the abdominal segment of the aorta, where a few of them 
were ulcerated. 

Histologic Examination. — Heart: The myocardium of both auricles 
was hypertrophied and diffusely scarred. In the right ventricle there 
were areas of recent necrosis where the muscle was homogeneous, 
stained deeply with eosin, and did not show any nuclei. These necroses 
frequently involved the branches of the conduction system. 

Numerous areas of necrosis were seen in the interventricular septum. 
These areas were of variable size, and often extended into the conduc- 
tion bundle (Fig. 5). In addition, there were scars composed of loose 
connective tissue (Fig. 6). Phagocytes filled with pale-yellow, granu- 
lar pigment were present in the scars. Changes similar to those in the 
seplum occurred in the left ventricle and papillary muscle, and the 
necroses and scars frequently extended into the conduction fibers. 



clustered about or a "b r regates of small mononuclear cells were 
an arteriole with •? th)r.b* <>m< i ? J le arter k>les. Only rarely was there 
lion was slight- it did ' and in such arterioles this altera- 

nt a P ;;S^« on * lre “tuna, and the lumen was 

sclerosis! ° ll5> * cs ' J0n was tIlat of moderately advanced athero- 

an inter esJ in S and rather obscure ease of an 
7 >U vho 101 a mmh *r of months had had attacks of parox- 
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ysmal tachycardia and, toward the end of her life, electrocardiographic 
changes showing, at times, complete, and at other times, partial, heart 
block. The case was looked upon as one of coronary sclerosis and 
myocardial damage, bnt this was not confirmed by the autopsy. In 
both ventricles there were numerous patches of recent necrosis with 
little or no cellular reaction, together with older and more recent scars. 
There was a history of diphtheria followed by edema and temporary 
cardiac embarrassment. This occurred when the patient was 7 years 
old, and there was a long interval during which she was free from 
cardiac symptoms. It seemed farfetched to refer the myocardial sears 
to a past diphtheritic myocarditis, and certainly one must seek another 
explanation for the recent necroses. 

Anatomic Diagnosis . — Necroses of myocardium, healed and recent; 
cardiac hypertrophy and dilatation; chronic passive congestion of lungs; 
lobular pneumonia, confluent ; focal necroses of liver ; acute splenic 
tumor; enceplialomalacia, internal capsule, left; toxic erythema; in- 
farcts of kidneys, healed ; cholelithiasis. 

Case 9. — -Unit No. 392348. T. I., a Negro man, aged 38, married, an 
unemployed longshoreman, was first admitted to the hospital on Sept. 
25, 1933, complaining of shortness of breath, cough, and attacks of 
nocturnal dyspnea. His general health was good. At the age of 18 
years he had a chancre, and also gonorrhea with inguinal abscesses. 
Specific intravenous therapy was given for a short time. He was re- 
fused for Army service in 1918 (aged 23 years) because of “heart 
trouble.” He was in the habit of drinking plenty of whiskey, but the 
amount was not stated. 



g. — Case 9. Teleroentgenograms showing increase in size of heart in course 
of two and one-half years.. A, Oct. 4, 1933 : two months after onset of symptoms. 
Hi, April U4, iy36: six months betore death. 


. Six weeks before admission, dyspnea, cough, and nocturnal attacks 
of asthma began and increased rapidly in severity. For three weeks 
the ankles and legs had been swollen. 

Examination showed moderate dyspnea on effort. There were rales 
at the bases of both lungs. The heart was enlarged. The rhythm was 
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regular save for a few premature beats. A gallop was heard. The 
liver was enlarged. There was brawny edema of the legs up to the 
mid-thighs; the scrotum was swollen. The blood pressure was 120/85. 
The retinal vessels were not sclerotic. 

The Wassermann and Kahn reactions of the blood were strongly 
positive. The spinal fluid Wassermann was negative. An electrocar- 
diogram showed sinus rhythm with low voltage. The P-It interval 
measured 0.17 second. The T wave was inverted in the three standard 
leads. The blood cell count was normal. A roentgenogram of the 
heart showed the transverse diameter to measure 14.6 cm. ; the internal 
diameter of the chest was 24.9 cm. (Fig. S). The sedimentation rate 
of the erythrocytes was 19 mm. in one hour. There was no fever. The 
blood pressure fell to 90/70 ; on discharge it was 104/72. 

The usual cardiac therapy was followed by improvement. Intramus- 
cular injections of bismuth were begun, and iodide was given by mouth. 
He was sent home at the end of five weeks, with compensation re- 
covered. 

In the course of the next three years, the patient was admitted to 
the hospital five times at intervals of several months, on each occasion 
with myocardial insufficiency, Anlisyphilitic treatment was continued 
in the out-patient department, in courses. In December. 1934, bundle 
branch block appeared for the first time in the electrocardiogram. 
Low voltage was no longer present. The QIIS interval measured 0.1.2 
second. The T wave was inverted in Lead I and upright in Lends II 
and HI. Bundle branch block persisted from this time until death, 
with occasional premature beats interrupting the regular rhythm (Fig. 
9). The gallop also eontimied to be heard. The blood pressure re- 
mained low. The Wassermann reaction was always strongly positive. 

On April 1.0, 1936, one of us (K. L. L.) made the following note: 
“Symptoms began at the age of 38 years. There has been no consistent 
elevation of blood pressure. The evidence for the existence of a 
syphilitic myocarditis is slender; by most pathologists, this form of 
diffuse myocarditis is not recognized. Coronary sclerosis is a possi- 
bility, although because of the course, is unlikely to he present. Car- 
diac enlargement has always been conspicuous. The electrocardio- 
graphic changes and repeated attacks of congestive failure indicate a 
seriously damaged myocardium. The blood pressure today is 114/90. 
There is a marked protodiastolic gallop, 

“This case, it seems to me, must be classed in the group described 
as ‘hypertrophy of unknown etiology,’ in which the lesions in the heart 
muscle vary in character and degree. The immediate prognosis for this 
bout is good, "Within two years, I believe the course will be run.” 

The final admission was on Oct. 20. 1936. Congestive failure was 
marked. The temperature rose to 102.8° F, There were signs of dif- 
fuse, bilateral bronchopneumonia. The leucocytes numbered 14,500, 
with 84 per cent polymorphonuclears. He was irrational and failed 
S p tf io v died thirty hours after entering the hospital, at the age 
r<r’ • symptoms for a little over three years. 

• m Liaf/no.sis . — This varied on different admissions to the hos- 
pilal. i he following were included: Syphilis; syphilitic aortitis; nar- 
rowing of coronary artery due to syphilis; generalized arteriosclerosis ; 
arteriosclerotic heart disease; sclerosis of coronary arteries; fibrosis of 
myocardium ; cardiac enlargement; cardiac insufficiency; syphilitic 
myocarditis; bronchopneumonia, organism unknown. 

Autopsy JN o 32256. — Heart: Weight, 570 grams. The epieardium 
was thickened over the coronary- arteries. The cavities of the right 





Fig. 9. — Electrocardiograms in Case 9. A, Sept. 26, 1933 : sinus tachycardia; 
rate PIS. P-R — 0.16 sec nd. Row volt ace. \v<th inversion or T waves in ° M leads. 
No digitalis taken. B, Doc. 29, 1934 : left bundle branch block; rate 100. P-R 
= 0.16 second ; QRS = 0.12 second. Conspicuous changes have occurred since record 
made three months earlier. C. Aug. 11, 1936: left bundle branch block; rate 90. 
P-R = 0.20 second ; QRS = 0.12 second. Only slight changes have taken place since 
record made nineteen months before. Patient died three weeks later. 




Fig. 10. — Case 9. 


Hypertrophy of myocardium with fibrosis. 
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auricle and ventricle were greatly dilated. In the auricular appendage 
there was a small thrombus. The tricuspid and pulmonic valves were 
normal. The left auricle was markedly dilated. The edges of the 
mitral leaflets, at the right juncture of the cusps, were moderately 
thickened. A few of the chordae tendineae inserting into these parts 
of the leaflets were thickened; the other chordae were normal. The 
papillary muscles were moderately hypertrophied. The aortic valve 
was normal. The myocardium was a pale, greyish red, with many 
pinkish-grey scars in the left ventricle. Below the aortic ring there 
was a greyish-white sear, 2 cm. in diameter. The wall of the right 
ventricle was (i mm. thick, and that of the left, 14 to 20 millimeters. 
The coronary arteries were strikingly free of atheroma and were en- 
tirely normal. 

Aorta: There was surprisingly little atheroma; only a few fatty 
plaques were found in the abdominal portion of the vessel. 

Histologic Examination. — Heart : The myocardium was hypertrophied. 
Scars of varying sizes were found in the walls of both ventricles and 
the interventricular septum. The sears were compact, and but slightly 
vascularized (Fig. 10). Near the vessels at the margins of the scars 
there were sparse collections of lymphocytes. The arteries and ar- 
terioles were normal. The thrombus in the right auricular appendage 
was in process of being organized. The myocardium beneath the 
thrombus was hypertrophied but not scarred. 

Aorta: The intima was slightly thickened by fibrillar material. The 
media and adventitia were normal. 

Final Note. — There, were none of the obvious causes of myocardial 
fibrosis, neither syphilis, coronary sclerosis, nor clear evidence of old 
rheumatic disease. There was no syphilitic aortitis. One is driven to 
assume that the lesions represented healed myocarditis of unknown 
cause. 

Anatomic Diagnosis. — Myocarditis, obsolete ( ?) ; fibrosis of myocar- 
dium; cardiac hypertrophy and dilatation; thrombus in auricle, .right; 
infarct of lung and spleen ; chi-onic passive congestion of viscera; 
eneephalomalacia, cerebellum, right; ascites; hydrothorax, bilateral; 
edema of ankles; cholelithiasis. 


Case 30. — Unit No, 250359. E. S., a Negro man, aged 43 years, mar- 
ried, a porter, was first seen in the Vanderbilt Clinic on June 32, 3930, 
complaining of epigastric pain. He had pneumonia at 43, and a 
chancre at 42 years of age, for which five or six treatments were given. 
He took a pint, of whiskey daily from 3900 to 1929; for the preceding 
six months he had taken three drinks a day and had gone on a drunken 
spree every two weeks. He smoked thirty cigarettes and chewed a 
phig of tobacco daily. Three months previously he noted dyspnea on 
enort and abdominal pain. lie had lost 20 pounds in four years. 

J'jxnmination showed an enlarged heart, with gallop rhythm at the 
apex there were moist rales at the bases of both lungs. The liver 
was large and tender. The blood pressure was 06/80. 

.1 asserinann reaction of the blood was positive (2 plus with the 

a co joiie antigen and 4 plus with the cholcsterin antigen). A roent- 
genogram ot the heart showed the transverse diameter to measure 
_»..j cm.; the internal diameter of the chest was 24 centimeters. The 
. j-jctrocardiograin showed sinus rhythm with left blundle branch block. 

tic received five courses of bismuth by intramuscular injection be- 
i con - uly. and .July, 3933. He was also given digitalis and 
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potassium iodide. During: these three years he got along fairly veil, 
although he was unable to work because of exacerbations of dyspnea 
and -precordial pain. Frequent, severe, sore throats and cough aggra- 
vated the symptoms. For this reason, in December, 1932. tonsillectomy 
was performed. At that time, the electrocardiogram resembled the 
one made eighteen months previously. The heart was larger. The 
blood pressure ranged from 330 to 90, systolic, and SO to 60, diastolic. 
. The basal metabolic rate was -5 per cent. 

There were three subsequent admissions to the hospital on account 
of recurring and progressively severe myocardial insufficiency. The 
blood urea was slightly elevated during decompensation, but returned 
to normal after improvement. The form of the electrocardiogram did 
not: change. The Wnsscrmann reaction was now negative; the Kahn 
reaction was faintly positive. The levels of the blood pressure were 
as described. On one occasion he coughed up bloody sputum and there 
was elevation of temperature, presumably because of pulmonary 
infarction. 



Fig. 11. — Case 10. Hypertrophy of myocardium with fibrosis. 


lie was brought to the hospital on Nov. 12, 1934, in a semicomatose 
condition. Ilyperpnea was marked. The venous pressure was 16 cm. 
of water. The leucocyte count was 19,500. He presented the picture of 
shock. The temperature rose steadily to 105° F., and he died in coma 
five days after entering the ward and four and one-half years after the 
onset of symptoms. 

Clinical Diagnosis . — Enlarged heart, cause unknown; infarction of 
myocardium due to arteriosclerotic coronary thrombosis; infarction 
of lungs, embolic ; bronchopneumonia ; Wassermann reaction, positive. 

Autopsy No. 11665. — Heart: Weight, 490 grams. It was very large 
as compared with the size of the body. The apex was formed by the 
left ventricle. Many small recent hemorrhages were seen beneath 
the epicardium of the auricles and their appendages. The right auricle 
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and ventricle were dilated. At the apex, the wall of the right ventricle 
measured only 1 mm. in thickness, although in other parts the ven- 
tricular wall was as much as 8 mm. thick. A thrombus was found at 
the apex between the eolumnae earneae. The tricuspid and pulmonic 
valves were normal. The left auricle was moderately dilated. The 
left margin of the anterior leaflet and the adjacent portion of the 
posterior cusp of the mitral valve were thickened, and the chordae 
tendineae inserting into these parts of the leaflets were thicker than 
normal. The papillary muscles were hypertrophied. The left ventricle 
was enormously dilated; its wall measured from .12 to 20 mm. in thick- 
ness. At its apex the eolumnae earneae were thinner than normal. 
The aortic cusps were slightly thickened in their basal portions. The 
endocardium throughout the heart was normal except for some opaque 
streaks and yellowish areas over the septum of the left ventricle. The 
myocardium was brownish red and had a coarse texture. Except for 
some tortuosity, the coronary arteries were normal. 

Aorta: A few yellowish, atheromatous plaques were present in the 
intima of the posterior wall. 

Histologic Examination. — Heart : In all of the sections the myocar- 
dium showed the usual characteristics of hypertrophy. One section 
from the left ventricle passed through an area in which the muscle had 
been replaced by a broad, compact sear in which there were only a 
few capillaries (Fig. 11). Near the margin of the sear was a small 
vein with an accumulation of lymphocytes about it. In a second sec- 
tion collagen separated the myocardial fibers, but did not replace any 
of them. On the endocardial surface there was an organizing throm- 
bus. The muscle beneath the thrombus was unaltered except for 
hypertrophy. 

A section from the apex of the right ventricle disclosed diffuse scar- 
ring of the myocardium near the epicgrdial surface. The endocardial 
thrombus was in process of being organized. The myocardium imme- 
diately beneath the thrombus was diffusely infiltrated with small 
mononuclear cells, but was not scarred. In all of the sections the 
coronary arterioles were normal. 

Aorta: The media and adventitia were normal. The intima was 
moderately thickened by fibrillar tissue. 

Final Note . — This ease seems to fall into the category of unexplained 
cardiac fibrosis, with hypertrophy and dilatation. All of the usual 
causes of cardiac hypertrophy could be excluded, namely, hyperten- 
sion, renal disease, thyroid disease, and syphilis. The coronary arteries 
and arterioles were normal. There were slight valvular lesions sug- 
gesting rheumatic disease, but the distribution and extent of the scar- 
ring were not suggestive of old rheumatic myocarditis. The most 
plausible view would be that the scarring was the result of an old, 

acute myocarditis. The other lesions in the ease were of subordinate 
interest. 

Anatomic Diagnosis . — Cardiac hypertrophy and dilatation : fibrosis of 
myocardium; thrombus in ventricle, right; infarcts of lungs; chronic 
passive congestion of viscera; lobular pneumonia. 

clinical features 

there were eight males and two females, ranging in age, at death, 
from 29 to 66 years. Six were white and four were Negroes. The 
duration oi symptoms from onset to death ranged from ten days to 
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five years, but eight of the patients lived only eight months after the 
onset of discomfort. There were no specific antecedent infections com- 
mon to the group. Two patients were markedly alcoholic; these were 
male Negroes with positive Wasscrmann reactions. There were no 
apparent dietary deficiencies and signs of avitaminosis were not noted. 

In each case the symptoms were those of myocardial insufficiency. 
Various types of arrhythmia were commonly observed; paroxysms of 
tachycardia occurred in two eases. Abdominal pain was a complaint 
in three. Cardiac pain of the anginal type was conspicuous by its 
absence: mild substernal discomfort was mentioned by two patients. 

The heart sounds were weak, and gallop rhythm was frequently 
present. There were no murmurs of valvular disease. The blood pres- 
sure was normal or low, save for occasional slight transient elevations 
during the acute phases of cardiac failure. The 'Wassermann reaction 
of the blood was negative in seven, positive in two, and not known 
in one. 

Electrocardiograms were taken in seven cases; three patients died 
in the first twenty-four hours after admission to the hospital, and a 
tracing was not made. All of the records showed deviations from the 
normal; the changes varied according to the extent of the lesions in 
the heart. In the cases in which there was no fibrosis the changes were 
slight; in the presence of advanced fibrosis they were extreme. Ac- 
tively progressive myocardial damage was reflected in the altering 
form of the complexes and in many types of irregularity. These in- 
cluded inversion of T in Lead I, or in Leads I and II; low voltage; 
premature beats; auricular fibrillation, both paroxysmal and perma- 
nent; paroxysmal auricular flutter; paroxysms of tachycardia origi- 
nating in the auricles, junctional tissues, or ventricles; and partial and 
complete A-V block. In three cases bundle branch block developed in 
the course of the illness and persisted until death. 

A noteworthy feature was the occurrence of embolism, arising ap- 
parently from mural thrombi in the heart. Infarction of the lungs 
occurred six times, of the kidneys, four times, and of the spleen, once. 
In one case there was embolic occlusion of the central artery of the 
retina. 

Death took place as the result of gradually progressive, often recur- 
ring, cardiac insufficiency in seven patients ; three died suddenly. 

In only three of our cases was the correct diagnosis made prior to 
the autopsy, and this was done by a process of exclusion. The condi- 
tion which most frequently gave rise to confusion was arteriosclerotic 
heart disease, in which the signs of coronary insufficiency were not 
manifest and the true nature of the basic disturbance was apparent 
only at the post-mortem table. On occasion, instances of coronary 
thrombosis and atypical rheumatic carditis were regarded as exampler 
of this syndrome until direct examination of the heart was. made. 
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A consideration of etiology is unprofitable because facts are lacking, 
but a brief reference to the possible role of dietary deficiency is perti- 
nent because of current interest in this field. No signs of a lack of 
vitamin B x were observed, and polyneuritis was notably absent. It is 
rare to see an advanced degree of beriberi heart disease without involve- 
ment of the peripheral nerves. Vitamin therapy was not tried in our pa- 
tients, yet there were remissions, for which slight modifications in 
dietary habits could hardly be held accountable. One of von Bons- 
tortT’s patients failed to improve after receiving large doses of crys- 
talline thiamine. 

Myocardial lesions, consisting of necrosis of the muscle fibers, fol- 
lowed by scarring, have been produced in rats and hogs by a diet 
markedly deficient in potassium. 17 ’ 1B A relationship between these 
experimentally induced lesions and similar changes in human hearts 
has not been demonstrated. 


I'ATFIOLOGY 


There are several features common to these ten cases. The first is 
the absence of advanced sclerosis of the coronary arteries. In some 
of the eases these arteries were normal, whereas, in the remainder, 
only sclerosis of mild degree was present. In none \vere the lumina 
of the arteries compromised, nor was there any calcification or throm- 
bus formation. The orifices of the arteries were not narrowed. Rarely 
was there any thickening of the intirna of the coronary arterioles, and, 
when this was present, it did not involve the intima of the entire cir- 
cumference at any one level, but was localized to a small segment, and 
only slightly reduced the lumen of the arteriole. These mild changes 
in the arteries and arterioles were too insignificant to be held respon- 
sible for any lesions found in the myocardium. 

It may be added that in no single case was there generalized ar- 
teriolar sclerosis. Such atherosclerosis of the aorta as was present 
was not of marked degree and, indeed, in many of the eases, it was 
less than might reasonably have been anticipated from the ages of the 
patients. Furthermore, in those cases in which the blood showed a 
positive V assennami reaction, anatomic evidence of syphilis was en- 
tirely lacking. 


Another feature was the hypertrophy of the myocardium that, al- 
though variable in degree, existed in each case. The myocardial fibers 
showed the usual evidences of -hypertrophy, namely, increased size, 
v, ith enlargement, hyper-chromatism, arid altered shape of the nuclei. 

In Cases 1, 2, A, and 4, examination revealed only hypertrophy of 
the myocardium without any scarring, either gross or histologic. A 
careful review of all of the lesions found in these eases at autopsy 
does not disclose any that could be held accountable for the cardiac 
hypertrophy. 
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An insignificant increase of stroma in the myocardium was found in 
two cases (5 and 6). This was laid down between the myocardial 
fibers and did not replace any of them. It would seem most unlikely 
that this could in any way have been responsible for the hypertrophy ; 
indeed, it is more probable that this increased supporting tissue be- 
tween the myocardial fibers was secondary to the hypertrophy, as is 
so often the case. 

More extensive lesions. were present in the hearts from Cases 7, 8, 9, 
and 10. In the first two eases of this group (7 and 8) the myocardium 
had undergone recent necrosis. The appearance and distribution of 
the necrotic areas in the first of these two (7) suggested infarction, 
although no cause for this was found. The necrotic muscle impinged 
on the conduction bundle branches. 

In the second of these two cases (8) the necrosis was very wide- 
spread; it was found in the walls of both ventricles and in the inter- 
ventricular septum. It was very evident that in all of these situations 
the conduction fibers were frequently involved. Areas of scarring in- 
dicated the sites of previous necroses, and these resulting scars ap- 
peared to be of different ages, for some were compact and others 
looser in texture. Near the arterioles, in the neighborhood of the 
necrosis and scars, small aggregates of lymphocytes were gathered. 
These cell accumulations were not regarded as evidence of syphilis, 
but as part of the reaction to the necrosis. The history, the negative 
Wassermann reaction, and the absence of any anatomic evidence of 
syphilis oppose the possibility that the cardiac lesions could have been 
of syphilitic origin. 

The two remaining cases (9 and 10) are examples of extensive scar- 
fing without any demonstrable cause, both occurring in patients with 
positive ‘Wassermann reactions. Over quite large areas the cardiac 
muscle had been replaced by compact scars. In one of these cases (9), 
sparse perivascular accumulations of lymphocytes were found near the 
scars; these were interpreted as secondary to the myocardial damage 
and not as indicative of the etiology of the lesion. Careful study of 
the various viscera did not reveal any evidence of syphilis, and the 
myocardial changes were not believed to be syphilitic. 

In the other of these two cases (10) there were large myocardial 
scars without any perivascular lymphocyte collections. Here also, al- 
though the Wassermann reaction was positive, there was complete ab- 
sence of any lesions in other organs that could be interpreted as 
syphilitic, and it does , not seem plausible that the myocardial scars 
were due to a previous syphilitic myocarditis. 

The scarring in Cases 9 and 10 might conceivably have resulted from 
necroses similar to those described in Case 8, although no suggestion 
Can be made as to what produced the lesions in these three hearts, for 
the common causes would- seem to have been completely eliminated. 
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The lesions were not the same as those that have been described in 
syphilitic myocarditis. 

Thrombi were found in six of the ten hearts, twice in the right 
auricle, twice in the right ventricle, and four times in the left ventricle. 
Histologic studies of the myocardium and endocardium beneath the 
thrombi crave no clue as to what initiated the formation of the thrombi. 
The endocardium beneath the thrombi was either normal or, when ab- 
normal. the changes were clearly related to the process of organization 
of the thrombi. The myocardium was hypertrophied but not scarred 
or necrotic- immediately beneath the thrombi. As might have been 
expected, these thrombi were the sources of emboli, and infarcts were 
discovered in the lungs in each case, in the kidneys in four, and in the 
spleen in one. 

Finally, it may be noted that there were no valvular lesions that 
could have played a role in the production of the hypertrophy. There 
were five instances in which the mitral leaflets were altered, and in 
these the lesion was not sufficient to have disturbed the competent 
closure of the valve cusps. The same was true in those cases in which 
the aortic cusps were thickened at then- bases. 

There was only one instance of pericardial adhesion (Case 2). The 
adhesion covered only a small area of the posterior surface of the 
heart, and it is most unlikely that it could have exerted any effect 
that would have resulted in the hypertrophy. 


SUMMARY 


These eases appear to form a clinical group of which the chief fea- 
tures are : marked cardiac hypertrophy ; symptoms of cardiac insuffi- 
eienev; occurrence of various types of arrhythmia; frequent emboli to 
the pulmonary and systemic circulations; rapidly progressive course 
after the onset of symptoms; and death from gradual cardiac failure 
or in sudden fashion. The cause of the syndrome is unknown. 

Use hearts, at autopsy, all show hypertrophy of the muscle fibers. 
In some cases, this is the only lesion. In others there is also fibrosis, 
which, in different instances, may be slight or extensive. There may 
be areas r»i necrosis, both old and recent. Intracardiac thrombi are 
often present. 


\\ bother these eases represent a single disease pi etuis., 

* 1 Krfn * stages of its development., or are to be regarded as of heten 
neons oiigin. cannot now be stated. Only a knowledge of the eliolog 
'■in furnish an answer to this question. 
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UNUSUAL CONDITIONS INVOLVING THE ABDOMINAL AORTA 
Seven Cases With Autopsy Observations 


Nathaniel E. Reich, M.D. 

Brooklyn, N. Y. 

V ARIOUS diseases of the abdominal aorta are associated during 
their course with dramatic symptoms. They are also of unusual 
interest because of their rarity and difficulty of diagnosis. We have 
been fortunate in accumulating seven cases of unusual conditions in- 
volving the abdominal aorta, with autopsy observations. These include 
mycotic aneurysm and involvement by tuberculosis and malignant 
tumors. 

I. MYCOTIC ANEURYSM 

The following are two very similar eases of rupture of the abdominal 
aorta due to a rare and unusual etiological factor. An ante-mortem 
diagnosis was made in one of the eases. 


Case 1. — J. C., a 30-year-old Italian printer, was admitted with a 
chief complaint of swelling of his joints for three weeks. One month 
previously, he had a streptococcus sore throat. The next day his left 
knee became swollen, and this was followed by right ankle and knee 
involvement in a few days. He was given three different sulfonamide 
derivatives with some remission. During the last few days before 
admission fhe symptoms recurred and he was hospitalized. He had 
had pneumonia complicated by rheumatic fever six years before. 

Examination . — Examination revealed a well-developed man who did 
not appear acutely ill. The fundi were negative. The pharynx was 
slightly reddened, but there was no cervical lymphadenopathy. The 
heart was of normal size and regular. The blood pressure was 320/80. 
There were soft systolic apical and basal murmurs. There was fluid 
in both knee joints, with a floating patella on the left. The left ankle 
was reddened, hot, and swollen. The clinical impression was acute 
rheumatic fever. 

Course . — On salicylates, the temperature fell in two days from 103 ° 
to 99° F., but rose two days later to 104° F., where it remained until 
the end. Although the pulse rate and sedimentation rate were still 
rapid, the joint swelling and heart murmurs improved. On the third 
day, severe pain appeared over the left sacroiliac joint, with tender- 
ness but no swelling. On the seventh day he developed numbness 
down the left thigh and leg, with absent knee jerk and definite muscle 
weakness. All other sensations and 7 - efiexes were unimpaired except 
tor hyperesthesia from the second lumbar spine downward. The clin- 
ical impression was psoas abscess. Blood cell counts at this time re- 
vealed a moderate secondary anemia and 28,350 leucocytes, with 95 
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per cent polymorphonuclear neutrophiles. On the ninth day he de- 
veloped a friction rub over the left anterior axillary line, with oeca- 
sionar crackling rales. Fullness appeared in the left flank which was 
described on the tenth day as a small, tender, hard mass in the left 
lumbar region. On the twelfth hospital day a nonfading, petechial 
macular eruption appeared over the lower abdomen and extremities. 
They measured 1 to 5 mm. in diameter. Paralysis of the left lower 
extremity became complete. He developed an unrelieved hiccup. On 
the seventeenth hospital day, marked scleral jaundice appeared, but 
the liver and spleen were not palpated. The van den Bergh reaction 
was direct, the icteric index, 42, and the serum bilirubin, 4.5 mg. per 
100 c.c. of blood. A blood culture at this time revealed Streptococcus 
hcmolyticus. Two subsequent cultures corroborated this finding. The 
heart became enlarged to the anterior axillary line, and there were a 
double murmur at the apex and a soft systolic murmur at the pulmonic 
area. On the eighteenth hospital day, bilateral basal rales appeared, 
with fluid at the left base. A pericardial friction rub ivas heard to 
the left of the sternum. The firm tender mass in the left flank became 
very pronounced, and transmitted an impulse. On the twentieth day 
all joints became painful, especially the left wrist and elbow. Puru- 
lent material from the elbow yielded a culture of Sir. hcmolyticus. 
Diarrhea became pronounced, but stool culture was negative for the 
typhoid-dysentery groups. Thoracentesis on the twenty-fourth day 
revealed a hemorrhagic fluid, and Type VI pneumococcus was iden- 
tified. The mass in the flank became markedly pulsating, transmitting 
a harsh systolic sound which radiated to the left. The patient became 
stuporous and died on the twenty-ninth day. The final diagnosis was 
mycotic aneurysm of the aorta, with possible dissection along its major 
branches and into the left subphrenie area retroperitoneally, with for- 
mation of a hematoma or abscess anterior to the left psoas muscle. • 

Further Studies . — The electrocardiogram showed left axis deviation. 
The transverse diameter of the heart was enlarged as would be ex- 
pected with rheumatic mitral valvular disease. No osseous changes 
were noted in the left knee, ankle, or pelvis. The psoas muscle on the 
left was obscured by a shadow, with evidence of a soft tissue density 
at the lower portion of the left kidney suggestive of a mass or col- 
lection in the left retroperitoneal space. In the pyelograms, the medial 
outline of the left kidney appeared indistinct, and no dye excretion 
was visualized on this side. The blood and spinal fluid Wassermann 
reactions were negative. The blood uric acid, urea, sugar, and crea- 
tinine were 2.7, 29, 84, and 1.2 mg., respectively, per 100 cubic centi- 
meters. Terminally, the urea and creatinine rose to 105 and 2.14 mg. 
respectively, per 100 c.c. of blood. The temperature ranged between 
101° and 104° F. 

Autopsy . — Autopsy revealed 250 c.c. of clear yellow fluid in the peri- 
toneal cavity. The sternoclavicular joints and left knee contained 
pink, purulent fluid. Behind the manubrium was an abscess cavity, 

3 cm. in diameter. There were seven small abscesses under the epi- 
cardium, but the heart itself was entirely negative. A large, firm, 
retroperitoneal mass protruded into the peritoneal cavity from the 
second to the fifth lumbar vertebrae, extending from the left flank to 
just beyond the right vertebral borders. About 5 cm. above the aortic 
bifurcation, the wall was necrotic and ruptured. It connected with 
the large sac containing friable tissue mixed with blood clots. Micro- 
scopically, the blood clots were degenerated without attempt at or- 
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"animation, and incorporated an occasional colony of hemolytic strep- 
tococci. There was slight atherosclerosis of the abdominal aorta, 
with extensive suppurative necrosis and an abscess in the adjacent 
tissue. In addition, there were hemorrhagic infarcts of the lung, kid- 
neys. and spleen. _ 

Final Diagnosis . — The final diagnosis was septicemia (blood cultures 
positive for Sir. hemohjticus ) , with suppurative arthritis as the pri- 
mary focus. This resulted in mycotic aneurysm of the abdominal 
aorta, with rupture; septic infarcts of the lungs, spleen, and kidneys; 
and suppurative myocarditis and abscess of the mediastinum. 


Cask 2 ~-.R. H. (ease of Dr. II. Wolfer), a white man, aged 42 years, 
was admitted with pain in the hands of three weeks’ duration. Three 
weeks previously he had developed pain and swelling in all the joints 
of the left arm. The right arm became similarly involved, and then 
the lower extremities, hut these symptoms gradually disappeared ex- 
cept for a slight residuum in the right hand and knee and left shoulder. 
Twenty years before, lie had had migrating joint pains which cleared 
up spontaneously. 

Examination . — Examination revealed a well- dev el oped man who ap- 
peared acutely ill. Except for a cataract on the left side, the head 
was negative. The neck, lungs, and heart were entirely negative. 
The Wood pressure was 125/65. The right knee and hand and left 
shoulder and ankle were red, swollen, and tender. The temperature 
was 104° F. The diagnosis was acute infectious polyarthritis. 

Laboratory Data . — These included a leucocyte count of 17,800, with 
87 per cent polymorphonuclcars ; this rose to 22,700 four days later. 
Urinalysis, and the gonococcus fixation and Was Hermann reaction were 
negative. The blood urea and uric acid were 40 and 3.6 mg. per 100 
«'.e. of Wood, respectively. Roentgenograms revealed soft tissue swell- 
ing. and slight irregularity of the right radiocarpal joint. 


Course . — The temperature continued to he 104° F. Three days after 
admission he developed thrombophlebitis of the left leg, with swelling 
and edema. There were also tenderness, spasticity, and fullness in the 
left flank which were thought to be due to a perinephric abscess. Ex- 
cretion pyelograms revealed outward displacement of the left kidney 
by a markedly prominent psoas shadow; this was suggestive of a 
perinephric abscess. Retroperitoneal exploration revealed in/Jamma- 
Wry adhesions and induration, with very little pus. Many fresh clots 
were encountered, and their removal resulted in a massive hemorrhage. 
Microscopic examination revealed only old and fresh blood e lots con- 
taining clumps of short-chained cocci and diploeocci. Despite three 
Wood transfusions, the patient became comatose, and developed mas- 
sive fatal pulmonary edema two days after operation. 

An tops}/.—- Autopsy revealed a normal heart which weighed 300 grams. 
I here was bilateral bronchopneumonia, hut no evidence of thrombosis 
or embolism. The aorta showed very slight atheromatous plaque for- 
mation throughout. Two inches above the bifurcation of the aorta 
there was an aneurysmal opening posteriorly, measuring ,2 by 1 cm., 
with well-rounded edges. This led to the left into a large mass of 
norm and Wood clots which infiltrated the iliopsoas, quadratus Jurn- 
norurn, and oblique and transversal is muscles posteriorly. This irieas- 
” ! Wreumferenee. No pus or arterial occlusion was noted, 
the Jen femoral vein below the inguinal ligament was occluded by a 
A small thrombus was also found halfway up the 


firm thrombus. 
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inferior vena cava. The kidneys were essentially negative except for 
an infarct measuring 1.5 cm. in the left renal cortex. 

Microscopic examination of the aorta revealed slight atheromatous 
ulceration of the intima, with focal lymphocytic and fibroblastic pro- 
liferation of flie intima and media. Sections through the area of rup- 
ture consisted , of partly organized clot containing erythrocytes and 
polymorphonuclear cells, fibrin, and abundant bacterial colonies. Much 
necrosis was present throughout. Special elastic tissue stains revealed 
some splitting of the internal elastic lamina and moderate to marked 
thinning of the medial elastic tissue. The adventitia contained only 
a few scattered elastic fibers. The femoral vein contained a septic 
thrombus, with marked perivascular lymphocytic infiltration of the 
media and adventitia. 

Final Diagnosis . — The final diagnosis was mycotic aneurysm of the 
abdominal aorta, with necrosis, rupture, and retroperitoneal hemor- 
rhage ; acute inflammatory reaction of thrombotic extravasated blood ; 
septicemia; thrombophlebitis of the left femoral vein; bronchopneu- 
monia ; focal necrosis of the liver ; and septic infarct of the left kidney. 

Comment .- — These cases are similar in that both occurred in young 
white men with a previous history of joint pains. Each entered with 
a chief complaint of joint pains, had a fever up to 104° F. and a leuco- 
cyte count over 20,000, with neutrophilia, and had Sir. hemolyticus 
bacteriemia. No cardiac disease was found in either case, despite 
rheumatic histories. Septic infarctions were found in both cases, in- 
volving th'e kidney in one, and the kidney, lung, and spleen in the 
other. Both had swelling in the lumbar region which proved to be 
mycotic aneurysms with masses of clotted blood infected with. Str. 
hemolyticus. The sequence of events in both cases was initiated by 
septic arthritis with septicemia. The blood stream then carried the 
organisms to. the vasa. vasorum, with resultant infectious aortitis and 
medial necrosis. 1 Intimal tears terminated in rupture of the mycotic 
aneurysms. 

H. TUBERCULOSIS AND ANEURYSMS 

It is the present concept that tuberculosis cannot involve the aorta 
unless the lungs are diseased, thereby limiting the process to the 
thoracic segment. Dafoe 3 found only eleven cases of aortic aneurysm 
due to tuberculosis, with rupture in two of the cases. He added two 
reports to the literature. Kornitzer 4 described a tuberculous dissect- 
ing aneurysm of the ascending aorta in a young boy with miliary 
tuberculosis. Sehmorl 5 found five cases out of 123 autopsies on patients 
with acute miliary tuberculosis in which tubercle bacilli had invaded 
the atheromatous ulcers. The bacilli may infect the media or ad- 
ventitia through the vasa vasorum. Finally, there may be direct ex- 
tension from a near-by focus, such as an infected lymph node or abscess. 

The process is rapidly progressive in the larger blood vessels and 
aorta because fibrous tissue proliferation is not so marked as in the 
smaller arteries, with a tendency to aneurysmal formation. The proc- 



746 


AMERICAN HEART .JOURNAL 


f 


ess consists of the usual infiltration by lymphocytes and endothelial 
and giant cells, with caseation. 

Two unusual cases are presented to illustrate the possible influence 
of tuberculosis as a factor in the production of saccular aneurysm of 
the abdominal aorta through the activity of tuberculous cold abscesses. 

Case 1. — J. F. (case of Dr. C. H. Greene), a white man, aged 50 
years, was admitted with pain in the abdomen extending into the 
flanks and back. It was not localized, but became severe after walking. 
Three months previously, he suffered from pneumonia, followed by 
empyema. 

Examination . — Examination revealed bilateral basal rales. The blood 
pressure was 150/90. There was tenderness in the epigastrium, and 
the liver extended three fingerbreaths below the costal margin. .A 
month later he developed pains along the left leg, associated with 
herpetic lesions. A pulsating mass the size of an orange, with a sys- 
tolic thrill and bruit, was first recognized in the abdomen. Absence 
of the dorsalis pedis pulsations was noted, with positive Babinslci re- 
flexes. A diagnosis was made of aneurysm of the abdominal aorta. 
Early gangrene of the left foot was noticed the following day. The 
blood pressure in the upper extremities was 140/100, but it was 70/0 
in the right leg. This was thought to be due to the development of 
a saddle thrombus. Operation was inadvisable because of poor re- 
sponse to therapeutic measures. The patient failed rapidly, and died 
two months after admission. 

Laboratory studies . — These studies included a normal electrocardio- 
gram. Roentgenograms revealed an increase in the sweep of the sec- 
ond and third portions of the duodenum due to a mass or enlargement 
of the head of the pancreas. Both kidneys were in their normal posi- 
tions. There was no evidence of paraspinal or psoas disease. Retro- 
grade pyelograrns revealed inadequate filling of the lower left renal 
calyces. The blood urea, creatinine, and sugar w r ere 21, 1.1, and 84 mg. 
per 100 e.e., respectively. The blood Wassermann reaction was nega- 
tive. The galactose tolerance test was normal. There was no free 
hydrochloric acid in the stomach, and the total acidity was 20 degrees. 
The icteric index was 19, and there was 0.55 mg. of bilirubin per 100 
c.c. of serum. Repeated urinalysis revealed a trace of albumin and 
a few epithelial cells, erythrocytes, and leucocytes. The leucocyte 
count was 25,000, with 88 per cent polymorphonuelears. The tempera- 
ture was normal throughout except for a terminal rise to 101° F. 

Autopsy . — Autopsy revealed a glistening, blue-black discoloration of 
all the toes of the left foot, extending midway up the tarsus. The 
heart was entirely normal. The aorta presented numerous, irregularly 
scattered, atheromatous plaques, with an average diameter of 4 milli- 
meters. Just below the head of the pancreas there was a fusiform sac 
which was fluctuant on pressure and was situated directly over the 
spinal column, extending 2 inches anteriorly and covering the second 
to the fourth lumbar vertebrae. The mass contained thick, creamy, 
purulent material, from which a culture was subsequently reported as 
positive for tubercle bacilli. Careful dissection revealed a saccular 
aneurysm of the abdominal aorta, measuring 2 inches in diameter. 
Immediately posterior to the aneurysm there was a cold abscess. Ex- 
amination of the vertebrae revealed no evidence of tuberculous involve- 
ment. At the bifurcation of the inferior vena cava there wag a recent 
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saddle thrombus extending into the iliac vessels for 3 inches. The 
right kidney weighed 195 grams, the left, 250 grams; The capsules 
were stripped with difficulty, exposing an irregular, pitted surface. 
The cortex was of uneven thickness, with distortion of the pyramids. 
On microscopic examination there was evidence of chronic pyonephritis 
and chronic interstitial nephritis. The aorta presented moderate 
atheromatous degeneration. The lungs showed bronchopneumonic 
consolidation, but no evidence of tuberculosis. 

Final diagnosis . — The final diagnosis was saccular, arteriosclerotic 
aneurysm of the abdominal aorta, tuberculous cold abscess (retroperi- 
toneal), gangrene of the left foot, saddle thrombus of the inferior vena 
cava, and bilateral bronchopneumonia. 

Case 2.— H. S. (case of Dr. J. H. Cawford), a white man, aged 64 
years, was admitted with a history of having lost his balance after 
drinking, and falling on his right knee. He had had a hemorrhoidec- 
tomy three months previously. For three weeks he had had chills, 
fever, and a productive cough, but no dyspnea, hemoptysis, or pain 
in the chest. He had had occasional nausea and abdominal pain. 

Examination . — Examination revealed a complete transverse fracture 
of the right patella. The heart was not enlarged ; it was regular and 
there were no murmurs. The blood pressure was 144/80. The lungs 
showed medium moist rales and dullness at the right base posteriorly. 
The diagnosis was hypertensive arteriosclerotic heart disease and early 
bronchopneumonia. 

Course .— 1 The bronchopneumonia of the right lower lobe became 
more confluent and progressive, with a temperature rise to 104° F. 
Because of the development of a maculopapular eruption and per- 
sistence of the fever, sulfathiazole therapy was discontinued. He be- 
gan to develop congestive heart failure, and digitalis therapy was 
instituted. His pneumonia subsided one week later, but became low 
grade in nature, with persistent moist rales at the bases, more marked 
on the right. Three weeks after admission, he suddenly developed an 
acute attack of dyspnea and cyanosis. Auricular fibrillation, poor 
heart tones, and a systolic murmur at the apex were noted. The 
clinical impression was pulmonary infarction. He. died two hours 
later. 

Laboratory studies . — These studies included electrocardiograms which 
showed complete heart block, left axis deviation, and a digitalis effect. 
Roentgenograms of the chest revealed bilateral bronchopneumonia, 
arteriosclerotic configuration of the heart, and atherosclerosis of the 
aoTtic arch. The blood culture and Wassermann reactions were nega- 
tive. The blood sugar, urea, and creatinine were repeatedly normal. 
The leucocyte count was 10,450, with 85 per cent polynuclears. Urin- 
alysis was slightly positive for albumin. 

Autopsy . — Autopsy revealed bilateral apical adhesions, with a tuber- 
culous cavity in the left apex measuring one inch in diameter. This 
contained caseous material. In the superior margin there was a single 
calcified nodule. The remainder of the lung showed edema and en- 
gorgement, with basal bronchopneumonia. The heart weighed 450 
grams, and was the seat of coronary artery sclerosis, myocardial fibro- 
sis, and hypertrophy of the left ventricle. The aorta was involved bv 
numerous atheromatous plaques and hemorrhagic necrosis. One inch 
inferioi to the light lenal arteiy there was a saccular aneurysm 2 
inches in diameter. . The aneurysm was in close contact with an abscess 
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over the right psoas muscle. This contained 25 c.e. of light-gray, 
purulent material. Cultures revealed tubercle bacilli. 

Microscopic examination . — This included sections of all organs, and 
corroborated the gross observations. Sections taken through the 
aneurysm revealed marked irregular intimal thickening due to hyper- 
plastic arteriosclerosis. The media showed moderate calcification. The 
adventitia was uninvolved. 

Final diagnosis . — The final diagnosis was saccular arteriorsclerotic 
aneurysm of the abdominal aorta, tuberculous cold abscess of the left 
apex, bilateral bronchopneumonia, arteriosclerotic and hypertensive 
heart disease, chronic passive congestion of all organs, and fracture 
of the right patella. 

Comment . — These cases present certain striking similarities. They 
occurred in men in the fifth and sixth decades of life. There proved 
to be an underlying, advanced, atheromatous degeneration of the ab- 
dominal aorta. Further weakening of the wall, "with aneurysm forma- 
tion, probably resulted from the adjoining cold abscesses, both of 
which proved to be tuberculous. The fact that the masses in both 
cases were in the closest proximity strengthens this belief. No pri- 
mary focus was recognized clinically in either case. In the first case, 
although the lungs and vertebrae were clear, tubercle bacilli were 
later demonstrated in the abscess. In the second, the focus might 
possibly have been the tuberculous pulmonary cavity. Another point 
of interest was the occurrence of gangrene of the left foot due to 
saddle thrombus formation. Although clinically it was placed at the 
bifurcation of the aorta, 2 at autopsy it proved to be at the bifurcation 
of the inferior vena cava. 

m. MALIGNANT TUMORS AND THE AORTA 

Although the aorta is susceptible to degenerative and inflammatory 
diseases, this highly elastic, pulsating vessel is notoriously resistant to 
invasion by malignant tumors. In view of their rarity and the differ- 
ent types of tumor involved, it was deemed worth while to report- the 
following three cases. In the first two cases, death was caused by 
sudden rupture of the aorta into the esophagus; in the third case, 
death was precipitated by infection secondary to a reticulum cell sar- 
coma, with resultant saddle thrombus. Infection was a secondary 
factor in Cases 1 and 2, although more advanced in the latter. 

Case 1 . — .J. S., a white man, aged 50 years’ a bricklayer, was ad- 
mitted complaining of inability to swallow solid food and vomiting, 
accompanied by substernal pain of eight months’ duration. The onset 
of symptoms was preceded by a cold which caused him to wheeze and 
spit up blood-flecked sputum on several occasions. There had been a 
loss of 30 pounds since the illness commenced, probably because he 
limited himself to a liquid diet. He had been a heavy drinker until 
eighteen months prior to admission. 

Examination . — Examination revealed an emaciated man with wheez- 
ing respiration. The heart w*as in the sixth intercostal space just out- 
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side the midclavicular line. No murmurs were heard and tlie heart 
tones were of good quality. The blood pressure was 146/98. No 
metastases were found. 

Laboratory studies . — These studies included an esophagram which 
showed a constant irregularity at the junction of the upper and mid- 
dle thirds, about 2 inches in length, with slight obstruction above this 
point. Esophagoscopie examination revealed, at a depth of 28 cm., 
a fungating, easily bleeding mass, mainly on the posterior wall, but 
completely encircling, the esophagus. It appeared to be submucosal 
both anteriorly and laterally, with considerable constriction. Biopsy 
of the esophageal mass revealed a typical epidermoid carcinoma. The 
blood urea, creatinine, and sugar were normal, and the AVassermann 
reaction was negative. 

Course . — A AYitzel type of gastrostomy was performed, and no 
metastases were found. This was done preparatory to resection of 
the neoplasm, with establishment of a lube graft to the upper part 
of the esophagus. Three weeks later, while the patient was on a bed 
pan, a gush of bright red blood appeared in his mouth. Tie fainted, 
and died shortly thereafter. 

Autopsy . — Autopsy revealed a necrotic, ulcerated carcinoma involv- 
ing the midportion of the esophagus and measuring 6 inches in length. 
The ulceration, about the thickness of a finger, was noted immediately 
beneath the posterior portion of the aorta. Opening the. aorta in this 
region revealed two pin-point openings, surrounded by a zone of hy- 
peremia. Pressure on the ulcerated mass caused fluid to exude into 
the aorta. The carcinomatous mass was firmly attached to the aortic 
adventitia 2 inches below the descending aorta. The aorta showed 
occasional, irregular, raised, subintimal, atheromatous plaques. The 
gastrostomy wound and the entire stomach wall were well healed. 
However, the stomach was distended by 1,000 c.c. of clotted blood. 
There was a small pulmonary abscess in the upper portion of the left 
lower lobe. 

Microscopic examination of the esophagus confirmed the diagnosis 
of epidermoid carcinoma, with periesophageal necrosis and suppura- 
tion. Sections of the aorta showed the carcinoma invading the ad- 
ventitia, with periaortic suppurative inflammation, necrosis, and hem- 
orrhage. No other metastases or involvement were noted after exten- 
sive microscopic studies. 

Case 2. — P. B., a 58-year-old unemployed white man, was admitted 
because of bleeding from a gastrostomy wound and hematemesis which 
followed his supper. About eighteen months previously he had de- 
veloped dysphagia, regurgitation (first solids, later iiquids), and 
weight loss. Gastrostomy was performed at the Memorial Hospital. 
Three weeks earlier lie had been admitted because of a similar hem- 
orrhage. . The past and family histories were noncontributory. 

Examination .— Examination revealed a pale, emaciated man who was 
regurgitating small amounts of bright red blood. Blood was exuding 
from the opening in the left side of the epigastrium. There were no 
lymph node enlargements or metastases. The blood pressure was 
86/60, and the heart, lung, and abdominal examination Avas negative. 
He continued to bleed profusely and died tiventy hours after admission. 

. Autopsy . — Autopsy revealed an epidermoid carcinoma of the esopha-- 
gus which had eroded into the aorta at the level of the tracheal bifur- 
cation. Death resulted from a split-pea-sized rupture of the aorta, 
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rather than bleeding: from the malignancy itself. The carcinoma did 
not invade the trachea or regional lymph nodes, but was firmly at- 
tached to the adventitia of the adjacent aorta. 

Case 3. — H. T. (case of Dr. B. Fedde), a white female houseworker, 
aged 39 years, was admitted with a history of pain of a girdle nature 
around the abdomen and in the lower extremities. There was also 
weakness of the legs. She was irrational and confused. 

Examination . — Examination revealed paralysis of both lower extrem- 
ities, with flaecidity and bilateral foot drop. All reflexes and sensa- 
tions were absent in the legs. There were muscle tenderness and pain 
on passive motion of the legs. The right leg was very cold below the 
knee, and the left was cold below midleg. Later this extended to about 
mid-thigh in an irregular manner. The doi'salis pedis artery pulsations 
were not palpable. Neurosurgical consultation by Dr. J. Browder, 
three days later, led to a diagnosis of occlusion of the abdominal aorta 
at the iliac bifurcation, but it was then too late to intervene. The 
patient died six days later because of the increasing extent of the 
gangrene. 

Laboratory studies . — These studies revealed a normal spinal fluid, 
no nitrogen retention in the blood, and a negative Wassermann reac- 
tion. The leucocyte count rose from 38,900 to 66,300 (with 81 per cent 
polynuclears) • in three days. Roentgenologic examination suggested 
the presence of a left iliopsoas mass. The temperature ranged from 
98° to 99.8° F. 

Autopsy . — The heart weighed 520 grams and contained no thrombi 
or vegetations. Situated at the bifurcation of the aorta Avas a saddle 
thrombus extending l 1 /^ inches upward into the aorta, 2 inches into 
the right common iliac artery, and 1 inch into the left common iliac 
artery; both iliac arteries were completely occluded. The thrombus 
was well organized, gray white, and very adherent to the intima. 
There was a bilateral abscess over the lower fourth of the psoas mus- 
cles. A small tumor overlying the fifth lumbar vertebra proved to be 
a reticulum cell sarcoma which invaded this vertebra, with secondary 
abscess formation. Other sections of the aorta showed myxomatous 
degeneration of the intima and media, with organizing adherent 
thrombi. In the periaortic tissues there was septic thrombosis of the 
capillaries. 

Comment . — The sequence of events in this case began with a small, 
reticulum-cell sarcoma which invaded the area about the fifth lumbar 
vertebra in close proximity to the aorta. Resultant, infection, with 
the formation of bilateral psoas abscesses, produced the additional 
factors of infection and pressure upon the aorta. However, before 
the process could invade far enough to produce actual rupture, a sad- 
dle thrombus formed 2 and caused complete occlusion. 

SUMMARY 

1. Two strikingly similar cases of mycotic aneurysm of the abdom- 
inal aorta, with rupture, are reported. The primary focus in both was 
septic arthritis caused by the Str. hemolyticus. The diagnosis was made 
ante mortem in one of the cases. 
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2. Two rare cases of saccular aneurysms of the abdominal aorta, due 
to atheromatous degeneration in association with tuberculous cold ab- 
scesses, are presented. 

3. Three cases of malignant tumor of contiguous structures affect- 
ing the aorta are described. In two similar cases, the process was an 
epidermoid carcinoma of the esophagus; in the third, it was a reticulum- 
cell sarcoma. Secondary infection occurred in both cases and was the 
immediate cause of death in the third case. 

I am indebted to Dr. William IJal a and Dr. C. Burn for the pathologic studies. 
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EFFECTS OF EMETINE ON THE ELECTROCARDIOGRAM 

Lieutenant Colonel Maurice Hard grove, M.C., and Major Elmer R. 
Smith, M.C., Army of the United States 
Ancon, Canal Zone 


E METINE hydrochloride has been used in the treatment of amoebic 
dysentery since Rogers 1 ’ 2 advocated it in 1912. Levy and Rown- 
tree, 2 in 1916, called attention to the dangerous effects of large amounts 
of emetine ou the circulatory system, and supported their contention 
with experimental animal work. Goetz 4 reported on the therapeutic 
effects and dangers of emetine at. the Medical Association of the Isth- 
mian Canal Zone in 1936. Since that time the electrocardiograph has 
been used at the Gorgas Hospital to aid in the evaluation of the con- 
dition of the heart while the patient is under emetine therapy. Re- 
cently, Boyd and Sclierf 3 used experimental animals to study the 
effects of acute emetine intoxication. They found, among other 
changes, widening of the ventricular complex, which was accompanied 
by cardiac dilatation. Auriculoventricular conduction time changes 
were noted. They found that the T wave tended to assume a reciprocal 
relationship to the initial deflection. Auricular extrasystoles and au- 
ricular tachycardias were the most common arrhythmias. Advanced 
stages of intoxication were required for the production of ventricular 
extrasystoles. Chopra and Sen 0 reported S-T depression in a case of 
emetine intoxication, although Boyd and Sclierf did not think that this 
was due to emetine. 

We have reviewed a number of the charts of patients who received 
emetine treatment for amoebic dysentery at the Gorgas Hospital. Those 
who were ill with other diseases which might affect the electrocardiogram 
were eliminated. This series is composed of seventy-two cases, in all 
of which electrocardiograms were taken before, during, and at the end 
of the emetine treatment. A number of the patients had additional 
records which were taken during or after the therapeutic course. The 
routine therapy consisted of one-half grain of emetine hydrochloride 
subcutaneously twice a day for ten days. Emetine by mouth was not 
used in this study. 

Changes were noted in all limb leads equally, and were less common 
in Lead IVF. Q-wave changes were not found. Thirty-eight, or 
P er ce{ d °f the series, showed changes. Thirty-three of these, 
or 45. S per cent of the total of seventv-two, had depression of the 
T waves varying from slight lowering of the amplitude to complete 
inversion. fen of these showed inversion in one or more leads. The 
auneuhn entricular conduction time was increased in seven instances 
9-7 pe r cent), but in only one ease did it become abnormal. This 
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occurred on the seventh clay of the ten-clay course; the P-R interval 
was lengthened to 0.24 second, i.e., first degree A-V heart block. The 
condition persisted through the tenth day, and then decreased slowly 
until, on the eighteenth day. the conduction time was 0.20 second 
(Pig! 1). Only four in the group (5.5 per cent) showed premature 
systoles. These were both auricular and ventricular, but the ventricu- 
lar premature systoles predominated. Only one patient; had auricular 
premature systoles and these changed to ventricular with added amounts 
of emetine. A coronary T wave occurred in one case, and is described 
in. detail. 


Before emetine 


7th day 


ISth day 



. viir 1 The above electrocardiogram shows increased auriculoventricular conduc- 

tion time following emetine. This was first noted on the seventh day of treatment 
and nersisted through the tenth clay, when the drug was discontinued. This was 
followed by slow return toward normal. 


REPORT OF CASES 

Case 1. — In the case of F. R., a native of Costa Rica, 31 years of 
age, changes in tlie electrocardiogram were brought about by emetine. 
These changes were not permanent, but were more than transitory, for 
they persisted over a period of at least four weeks after the drug had 
been discontinued (Fig- 2). 
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The sharp feature of the paiu continued for ten days, and was then 
followed by a precordial aehe which disappeared after two more 
weeks. 

The probability of myocardial infarction was given consideration in 
view of the precordial pain and coronary type of T wave in Lead IV. 
However, there were no changes in the RS-T segments, R* persisted, 
and no Q-wave changes were present. Also, there was no temperature 
elevation or leucocytosis. and the sedimentation rate remained normal. 
No friction rub was heard. 

The patient was permitted to return to work October 17: he was 
asymptomatic, but T.» was still inverted. Instructions were given to 
report for a recheek in' one month, but lie did not do this; He was 
not seen again until March, 104*1, when he returned for another cause. 
The electrocardiogram was normal, with an upright T, of 4 milli- 
meters. 

Emetine was given subcutaneously to four other patients to note 
the immediate effect. Electrocardiograms were taken at intervals of 
five minutes and one-lmlf hour after emetine hydrochloride was in- 
jected. 


Tama; 1 


to 


2 

*•> 


• DAY OF ] 

Medication! 

AMPLITUDE OK T WAVES (MM.) 

; MISCELLANEOUS 

1 T t 1 T, 1 -T, | T, ! 

0. 2.50 3.50 1.50 3 ] 

Before emetine 


2.50 

1.50 


1 

-1.50 


Diplmsic 

- 1-2 
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Upright T, 

Last day of medication 
Onset of pain 
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1 

1.50 

-0.50 
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0.50 

1.50 

0.75 

23 

0.50 

1.50 

1 

28 

1 

O 

1 

35 

0.75 
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-3 

-2.50 

- 2.00 
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Post emetine 


Inverted T, 
Upright T, 


Table II 


time of’ 

. MEDICATION 

SECONDS 

AMPLITUDE OF 'J 

' WAVES (MM.) I 


A-V 

INTERVAL 

L 

t 2 

T a 

T ! 

4 1 

MISCELLANEOUS 

0 

0.16 

1 

1.25 

0.25 

2 Left axis deviation 

K 4 present 

5th day be- 
fore medi- 
cation . 

0.10 

0.75 

0.50 

Slight 

inversion 

0.75 R, absent 

Auricular extra- 
systoles 

5 min. after 
medication 

0.17 

0.50 

Diphasie 

-f0.25 

and 

-0.50 

Slight 

inversion 

0.25 Ventricular extra- 
systoles 

Marked sinus ar- 
rhythmia 

x fo hr. after 
medication 

0.17 

0.50 

Diphasic 
+0.50 
and 
. -0.50 

Slight 

inversion 

-0.25 Ventricular extra- 
systoles 


Case 2.— This experiment was on a 69-year-old Negro who had 
een receiving emetine for five days. Slight T-wave changes were pre- 






756 


AMERICAN HEART JOURNAL 


sent. Further, slight T-wave depressions occurred, and marked sinus ar- 
rhythmia was present immediately after the injection of one-half grain 
of* emetine. This was noted neither before the injection nor one-half 
hour later. Reference to Table II will show the degree of changes. 

Boyd and Scherf 3 produced premature auricular and ventricular 
systoles experimentally in animals, and believe that the ventricular 
extrasystoles occur with advanced intoxication. Here the auricular 
extrasystoles disappeared, and ventricular extra heats appeared as an 
immediate effect after the injection of emetine. It is of interest that 
R 4 disappeared during the first five days of treatment. 

Case 3. — Another study was made on an East Indian, 60 years of 
age, who had received no emetine previously. Here we noted an imme- 
diate effect from one grain of emetine. The patient later received 
grain twice a day for eight days. It was discontinued because of 
diarrhea which was thought to be due to the drug. The only changes 
of interest in the record occurred in Lead IV. T 4 , which was inverted 
before the injection of the drug, became positive one-half hour after 
its administration. This may have been due to the reciprocal action 
on the T waves described by Boyd and Scherf. The position of the 
electrode over the precordium was the same for each tracing. R 4 , 
which was less than 1 mm. before injection of the drug, became very 
high. Table III shows the changes as they occurred. 


Table III 
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Table IV 
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Case 4. This was a Latin-American Negro, 30 years of age. Electro- 
can lograms were made immediately, as in other cases, after an initial 
, <>s(! one-half grain of emetine subeutancouslv. There were slight 
lowering of tiie T waves and lengthening of the P-R interval. 

o-— 3he last ease was that of a Latin-American Negro, 27 years 

whb-h%. ( m re , CClvcd v onc ' iialf ^'ain of emetine on the first day, after 
th tbc electrocardiograms shown in Table V were taken. One-half 
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hour after, the first injection, another one-half grain , was given, ami 
el ee t roea r di ogra in s were taken again in five minutes and one-half hour, 
Minor T-wave changes occurred. 

DISCUSSION 

Wc have had no unfortunate experiences with cmeiine hydrochloride 
as used. Occasionally, when the electrocardiogram shows marked 
changes, it is best to discontinue medication before the full course is 
given, Carbarsonc has also been used with emetine in some, eases, but 
these patients did not show additional electrocardiographic changes. 
For the most part, the. changes noted are. of minor and temporary 
nature. Most, of the patients have had little or no diarrhea during the 
treatment, hut all received supplementary vitamins. The observations 
in Case 1 make it necessary to consider more severe myocardial effects 
of the drug. It, is possible that mild myocardial infarction occurred in 
this ease. No emetine deaths have occurred at Gorgas Hospital. 


CONCLUSIONS 

1. Emetine produces minor changes in the electrocardiogram, con- 
sisting, for the most part, of T-wave depressions in all leads. These 
changes are most frequently noted in the limb leads, and are temporary 
in nature. 

2. Emetine hydrochloride, as used in the 'present study, does not 
seem to be dangerous, although electrocardiographic studies should be 
made before and during treatment. 
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INCREASED CAPILLARY FRAGILITY IN HYPERTENSION: 
INCIDENCE, COMPLICATIONS, AND TREATMENT 

J. Q. Griffith, Jr.,* M.D., axd M. A. Lixdauer, M.D. 
Philadelphia, Pa. 

I N 1040. Paterson 1 stated: “capillary rupture with intimal hemor- 
rhage in relation to the precipitation of coronary thrombi has been 
described. . . .” by Paterson, 2 Wartman, 3 and Winternitz and his co- 
workers.* He goes on to state: “capillary rupture with intimal hem- 
orrhage is intimately concerned with the mechanism of cerebral arterial 
thrombosis and possibly, in certain cases, with the causation of cere- 
bral arteriospasm and rupture. It is suggested that the factors re- 
sponsible for the rupture of intimal capillaries in the cerebral arteries 
are high intracapillary pressure from hypertension, progressive ather- 
omatous degeneration of the supporting tissue and increased capillary 
fragility from a variety of causes.” 

It seemed possible, therefore, that an abnormal condition of the 
capillaries might be a factor in the production of certain of the vas- 
cular accidents which sometimes occur in cases of hypertension. We 
were especially interested in the relation of such complications to 
thiocyanate therapy, for we had noted cutaneous ecchymoses rather 
commonly, retinal hemorrhages less commonly, and apoplexy and coro- 
nary occlusion very rarely after the initiation of such therapy. The 
more serious complications were rare enough to suggest that they were 
merely coincidental, yet were regarded as alarming nevertheless. 


METHOD AND MATERIAL 


For a period of eighteen months all persons with hypertension who 
were routinely studied in our laboratory had, in addition, a measure- 
ment of capillary fragility by the Petechial Index of Gothlin, 5 with 
certain minor modifications. 

Technique of the Test. — (1) Mark off a circular area, 6 cm. in di- 
ameter, in each antecubital area. Mark off all blemishes and marks 
in this area that might later be confused with petechiae. (2) Place 
a standard blood pressure cuff about each arm, and maintain in each 
a pressure of 35 mm. of mercury for fifteen minutes. Lower the pres- 
sure, and count and mark all petechiae within the two circular areas, 
using a good light and a magnifying lens of 5 D or its equivalent. 
f->) One hour or more later, repeat, using a cuff pressure of 50 mm. 
ot mercury. 

The Petechial Index is calculated as follows: To the number of 
petechiae occurring at 35 mm. of mercury multiplied bv 2, add the 
■h uitio iial number occurring at 50 millimeters. Based upon the 
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Petechial Index, capillary fragility is considered to be: (a) normal, 
if the Index is 8 or less, (b) increased (abnormal) if the Index is 13 
or more, and (c) borderline, but probably abnormal, if the Index is 
9 to .12.' 

In order to save time, the second stage can be omitted under the 
following conditions: (1 ) The number of peteehiae after the first stage 
is 2 or less. Such persons may lie considered normal. Usually, but 
not invariably, the person is normal who has 3 peteehiae after the first- 
stage. (2) If 6 or more peteehiae appear after the first stage, the sub- 
ject may be considered abnormal. (3) The test is a repetition, and 
may be compared with the corresponding first stage of an earlier test. 
Repetition in less than three weeks, however, is unreliable in any case. 

The second stage should always be done if the fragility is being 
tested hi a subject for the first time and there are 4 or 5 peteehiae 
after the first stage. Tt should also be done in most eases when the 
number after the first stage is 3. 

The patients, 2(55 in all, had history and physical examination by 
various mem hoi’s of our hospital staff and referring physicians. Special 
attention was paid to the following: (11 history suggesting apoplexy, 
(2) history of spontaneous cutaneous eechynioses. (3) presence of reti- 
nal hemorrhages, as ascertained by ophthalmoscopic examination, and 
(4) simultaneous medication with thiocyanate. 

Ophthalmoscopic examination was carried out by physicians with 
varying degrees of skill, so that the occurrence of retinal hemorrhages 
as a positive sign may be accept cd. whereas their absence did not neces- 
sarily entirely exclude them. 

The period of study was never less than six months nor more than 
twenty months. 

Thirty-three patients with increased fragility were treated with 
Hesperidin* by mouth in a dose of 250 to 500 mg. three times a day, 
and nine more were given Hesperidin Methyl Chalconc* by mouth in 
a dose of 10 mg. three times a day. Tn addition, fourteen such patients 
were treated with Rutin, the result of which has already been reported. 6 

RESULTS 

1.. Incidence of increased capillary fragility : As shown in Fig. 1, 
capillary fragility was found to be normal in 218 of the series, or 82 
per cent (approximately). It was definitely increased in 44 subjects, 
whereas, in three, it was borderline, making a total of 47 persons, or 
18 per cent (approximately), whose capillary fragility was, at least, 
Rot. normal. Judging from the occurrence of complications, it appears 
that the borderline group should be classed as definitely abnormal. 

2. Relation of capillary fragility to sex and age: As shown in Fig. 1, 
there was no significant relationship between capillary fragility and 
either sex or age. 

3. Relation of capillary fragility to blood pressure level: Fig. 2 
shows the systolic and diastolic blood pressure of 54 patients with in- 
creased capillary fragility. There was obviously no relationship be- 
tween the occurrence of increased capillary fragility and blood pres- 
sure level. This series of 54 patients was obtained by adding to the 

’Supplied by Abbott Laboratories, North Chicago, 111. 
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original series of 47, seven subjects from an earlier group who were 
called back for study because they had developed one or more of the 
“complications” of increased fragility. 

4. Relation of capillary fragility to the occurrence of apoplexy : A 
history of apoplexy, followed by paralysis, was obtained in four cases, 
or 2 per cent (approximately) of the patients whose capillary fragility 
was normal. Four more subjects in this group gave an atypical his- 
tory, namely, that a diagnosis of apoplexy had at one time been made 
(usually a severe headache was described as a “slight stroke”), but 
there never was any paralysis, nor were there any neurological sequelae 
at the time the patient was studied. If these were included, it would 
raise the incidence of apoplexy in the group with norma] fragility to 
4 per cent. On the other hand, seven of the patients with increased 
fragility gave a definite history of apoplexy followed by paralysis, 
and five more had strokes during the period of observation, making 
a total incidence in the group of twelve, or 25 per cent (approxi- 
mately). It would appear, therefore, that apoplexy occurred with 
greater frequency in persons with hypertension associated with in- 
creased fragility than in those with normal capillary fragility. 

5. Relation of capillary fragility to the occurrence of retinal hem- 
orrhages: Retinal hemorrhages were recognized in five persons with 
normal capillary fragility, or 2 per cent (approximately), and in ten 
persons, or 21 per cent (approximately), whose capillary fragility 
was increased. It seems likely, therefore, that retinal hemorrhages 
occur more commonly in those persons with hypertension whose capil- 
lary fragility is increased. 

6. Relation of capillary fragility to thiocyanate medication : Ten 
persons were studied who were attending our dispensary and receiv- 
ing thiocyanate prior to the beginning of this investigation. These 
persons were chosen because all of them showed either cutaneous 
ceehymoses (nine cases) or retinal hemorrhages (one case) beginning 
soon after the onset of thiocyanate medication. All ten persons showed 
an increase in capillary fragility. Three other patients with increased 
capillary fragility were given thiocyanate without other treatment. 
One patient developed cutaneous ecchymoses, one developed retinal 
hemorrhages, and the third died of a stroke. We have not felt justified 
in continuing this phase of the study, but have made it a rule never 
to give thiocyanate to a patient with increased capillary fragility until, 
or unless, that fragility has become normal as the result of treatment. 
Thiocyanate therapy has been used in twelve such eases without incident. 

7. Relation of capillary fragility to mortality : During the twenty 
months period of study there were three deaths in the group with 
normal fragility, or 1 per cent (approximately), and five deaths, or 

0 per cent (approximately), in the group with increased fragility, 
sft.ms probable that the mortality is greater among persons with 
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hypertension and increased capillary fragility Ilian among those with 
hypertension, and normal fragility. 

*8 Effect of treatment: Hespe.ridin was given to 33 persons with 
increased capillary fragility, only 23 of whom were adequately fol- 


CAPiLLARY FRA&'UTY 



INCIDENCE MALE FEMALE 18-20 21-30 31-40 41-50 51-60 61-70 701- 


SEX AGE 

Fig. 1. — Clmrt comparing the incidence of normal and increased capillary fragility 
in the general hypertensive group (on the left) and in groins selected on the basis 
of sex and age. The figures for the two columns on the left are expressed as prjr- 
cen'age or the entire group of CGf> cases. The percentage figures for sex and age, 
however, refer ontv to the to'al prou<> with normal fragility (lllled-ln rectangle) or 
increased fragility '(open rectangle). The age Is expressed in years. 
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, ' ■ SYSTOLIC BLOOD PRESSURE 

Jig. 2. Chart showing the systolic and diastolic blood pressure of 54 persons with in- 
creased capillary fragility. Each clot represents one subject. 


lowed. In 20 of these, capillary fragility, as measured by Gothlin’s 
test, became normal within one or two months after starting treatment, 
and remained so thereafter except in two instances, in which the pa- 
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tient discontinued treatment without permission, when the test became 
abnormal, to become normal again when treatment was resumed. In 
three subjects the capillary fragility was not affected by treatment 
and remained abnormal; two of these developed apoplexy and died. 
One of the 20 patients whose fragility returned to normal after therapy 
also died of apoplexy. This patient had a high degree of papilledema 
when first seen. 

Hesperidin methyl chaleone was given to nine persons with increased 
capillary fragility. In seven of these the fragility became normal, 
while two were unaffected. This group has been followed only six to 
nine months, and no complications have occurred in any of the nine 
subjects. 

We have not felt justified in discontinuing medication at intervals 
to secure adequate controls for its effectiveness. Also, one cannot say 
with the evidence at hand that reversion of Gothlin’s test to normal 
indicates that the subject is less likely to suffer one of the hemorrhagic 
complications of hypertension, but it seems likely that such is the case. 

SUMMARY 

1 Capillary fragility was increased in about 18 per cent of 265 cases 
of hypertension. This incidence was not related to sex, age, or degree 
of h> pertension. 

2. ] ’arsons with increased capillary fragility are especially predis- 
posed to apoplexy, retinal hemorrhage, and death. 

8. Thiocyanate tends to make worse a previously abnormal fragility, 
or perhaps in certain cases may even change fragility from normal to 
increased. When this occurs, thiocyanate may be a factor in the causa- 
tion of apoplexy and other hemorrhagic phenomena. 

4. Hesperidin and hesperidin methyl chaleone restored fragility to 
normal in about 84 per cent of cases of increased capillary fragility. 
It is hoped, but not yet proved, that this may also lessen the frequency 
of the complications of increased capillary fragility. 

5. It is probable that thiocyanate should not be given to persons 
with increased capillary fragility, unless or until that fragility has 
become normal as the result of therapy. After this has been done, 
thiocyanate apparently can be given with impunity. 
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. blood pressure in the arm and thigh of man 

I. A Study of Averages, Variations, and Differences 
Between Thigh and Arm 

Earl E. Gammij,. M.D.. and Edgar A. Hines, «Tr., M.D. 

Rochester, Minx. 

T HE blood pressure in the extremities of wail lias been of interest. 

ever since blood pressure could be measured clinically, yet many 
questions relative to it remain unanswered. For example, there have 
been assertions and denials that the blood pressure in the legs of the 
recumbent subject is higher than that in the arms. Those who believe 
it is do not agree, on the explanation of this physiologic curiosity. 
Many physicians forget that variations of blood pressure occur in so- 
called normal persons, and the attempt to ascertain “normal” re- 
sponses as a result of study of small groups of. subjects has been 
invalidated in some degree bv the variability. The value of studies 
limited to the influence of a single factor, such as posture, for example, 
is limited because factors other than posture are not considered at; the 
same time. It is easy to err in conclusions relative to Ihc physiology 
of the circulation by noting the changes of pulse rate in one. group of 
subjects, the reactions of blood pressure in another group of subjects, 
studied perhaps under entirely different experimental conditions, and 
the effects of exercise on a third group of subjects under still different 
circumstances. The present studies were on the influence of several 
factors on blood pressure in the same group of patients.® 


HISTOHICA L ASPECTS 

Since 1908, numerous investigators 1 " 1S have studied blood pressure in 
the four extremities. Prior to 1924, it was generally felt that the blood 
pressure in the legs was not higher than that in the arms of normal 
subjects, provided the hydrostatic effect (head higher than the feet) 
was excluded. In 1924, Bazett, 1 by direct methods, noted in dogs a 
higher systolic pressure in the brachial than in the carotid artery. 
The systolic pressure in the femoral was higher than that in the brachial 
artery, hut the diastolic pressure was the same throughout the arterial 
tree. He hypothesized a possible mechanism for such differences of 
pressure, which involves the transformation of the greater kinetic en- 
ergy in the legs into stress or pressure energy. Burdick and his asso- 
ciates, 2 who studied four normal subjects by a photographic tech- 
nique, concluded that the blood pressure in the thighs of resting 
subjects in the horizontal posture was 38 mm. higher than in 
the arm s. This figure increased to 67 mm. with exercise. In 1929 
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Strang, 10 after a careful study of fifty-four normal people, con- 
cluded that the blood pressure in the legs is higher than that in the 
arms, regardless of the position of the body; the average difference 
was 33 mm. of mercury. Hamilton and his associates’ 7 .studies of 
blood pressure, in 1936, by direct arterial punctures on thirty human 
subjects left no doubt that the blood pressure is higher in the legs 
than in the arms, even when subjects are in the horizontal posture. 
Cady 3 consistently found a higher systolic pressure in the popliteal 
than in the brachial artery. The difference was greatest in hyperten- 
sive subjects and in those who received drugs causing arteriolar con- 
striction. After lumbar sympathectomy and after the use of drugs 
which caused arteriolar relaxation, it was smaller. In dogs the blood 
pressure measured by arterial puncture was higher in the femoral than 
in the carotid artery. 


PROCEDURES 


The 112 unselected subjects of this study* had a wide variety of 
clinical states, many of which were not organic. "With the exception 
of two cases of essential hypertension, the subjects did not have any 
significant vascular disease. Sixty-nine of the subjects were male and 
forty-three were female. Their ages ranged from 12 to 65 years; the 
average was 39.7 years. During the course of all the studies, includ- 
ing those which are to be reported in subsequent papers, 2,415 meas- 
urements of blood pressure and 635 counts of the pulse rate were 
recorded. Subjects sat on the examining table for one to two hours, 
during which time a neurological history and examination were car- 
ried out. At the close of the examination, the subject lay on the table 
with the arms and legs in the horizontal position. A Tycos aneroid 
sphygmomanometer! cuff which was 5 t/o inches (14 cm.) wide was 
then placed around the left arm. and a leather-covered pneumatic cuff, 
5 inches ( 12.1 cm.) in width, held in place by straps and buckles, was 
placed around each thigh just above the knee. The point at which the 
first Korotkoff sound was heard was accepted as the systolic blood 
pressure, and that point at which the sounds were suddenly muffled 
was taken as the diastolic pressure. In most instances, this latter 
point was definite. After subjects had been in the horizontal posture 
for about five minutes, blood pressure readings in the left arm, right 
thigh, and left thigh were taken in that order, after counting the pulse 
rate. After two minutes, a second series of blood pressures and pulse 
rates was recorded. In most instances, the left thigh cuff was rapidly 
inflated to a point greater than the estimated systolic blood pressure 
in the standing posture. The subject then assumed the standing pos- 
ture and remained quiet. At the end of one minute in that position 
the pulse rate was counted, after which the blood pressure was meas- 
ured in the right thigh. The cuff around the left thigh was then de- 
flated, during which process the blood pressure was measured. Two 
minutes Inter, in a second series of studies, the blood pressure was 
measur ed in the left arm, right thigh, and left thigh, in that order, 
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and the pulse rate was counted. The subject then assumed the supine 
; position. An identical scries of studies was, made at the end of one 
minute and again at the end of three minutes in this posture. 

CRITICISMS 

: Obviously, the methods which were employed in this study arc sub- 
ject to some criticism. We are fully aware of the lack of precision 
■ and control, which might in part be obviated were one working with 
trained animals under laboratory conditions. However, it is felt, that 
the conditions of study were sufficiently accurate to denote trends, and, 
above all, to demonstrate the marked variability of vascular. response 
which may occur in the same person and among different persons. 
If this study does nothing more than emphasize the importance of 
biologic variability, it will have been worth while. 

That estimation of tlie diastolic pressure is subject to more error 
than is that of the systolic is widely appreciated. This is especially 
true when congestion of the leg caused by standing or by slow defla- 
tion of the pressure cuff renders the diastolic sound feeble and poorly 
, demarcated. 

The old question arises as to the accuracy of indirect measurement 
of blood pressure. Although this method is not as accurate as the 
direct one, Hamilton and his associates 7 have stated, as a result of 
intra-arterial measurements of blood pressure in man, that the indirect 
method is accurate enough for most purposes. 

•Simultaneous measurement, of blood pressure in the arm and leg 
was not possible. That this might lead to errors in interpretation is 
well appreciated. However, the magnitude and direction of the ob- 
served changes were so great and consistent as to leave little doubt 
of their significance. Strang 10 studied the blood pressure in 1 lie arm 
.pist before and just after measuring the blood pressure in the thigh, 
but did not note any significant differences between readings made 
under those circumstances. 

In some respects, it might have been desirable to tilt subjects pas- 
sively to the upright posture, but. this was not feasible. Strang found 
that the effect of tonic contraction of muscles incident to standing was 
rather small, but was greater in the leg than in the arm. 

The question arises as to whether a 5-inch cuff (12.7 cm.) is wide 
enough for measuring accurately the blood pressure in tlic thigh of 
an obese person. Belanger and Hooker 19 stated that if the artery is 
compressed as much as 4 cm. the cuff is adequate. Wiggers 20 has 
stated that a cuff which is 33 cm. in width is ample. The cuffs which 
we used largely satisfied this criterion, and were constructed in surh 
a way as to prevent any ballooning about the margins of the cuff. 
They were, of course, a source of some discomfort. Wider cuffs Avoid d 
have added to the discomfort, probably without increasing the ac- 
curacy of the readings. 
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RESULTS 

The average values for the blood pressure, for pulse pressure, for 
difference of blood pressure between the arm and the thigh, and for 
pulse rate in both postures in 112 cases are to be found in Fig. 1 
(derived from Table I). The systolic pressure in the arm remained 
unchanged, but the systolic and diastolic pressure in the thigh, the 
systolic and diastolic differential in pressure between thigh and arm, 
and the pulse rate increased on standing. The pulse pressure decreased 
in the arm and thigh, but to a greater extent in the arm, mainly be- 
cause the systolic pressure failed to increase along with the diastolic 
pressure on standing. For the same reason, there was a greater in- 
crease in systolic than in diastolic thigh-arm differential-' pressure. 

Table I 

Maximal. Minimal, and Average Values for the Systolic and .Diastolic Blood 
Pressure and Pulse Pressure in the Arm and Thigh, Differential 
Pressure (Millimeters of Mercury), and Pulse Bate. 

Horizontal and Standing Posture. 112 Cases 



pressure 

j HORIZONTAL 

I STANDING 

1 MAX. 

| MIN. 

1 AV. 

\ MAX. | 

| MIN. | 

AV. 


Systolic 

234 

94 

115 

244 


115 

An*. 

Diastolic 

144 

5G 

77 

144 

54 

83 


Pulse pressure 

90 

1G 

3S 


8 

32 


Svstolic 

29G 

100 

150 

310 


193 

This!, 

Diastolic 

388 

42 

104 

258 

7G 

149 


Pulse pressure 

104 

14 

4G 

7G 


44 

Differential 

Svstolic 

* G4 

-A 

35 

12S 

-4 

78 

blood pressure 

Diastolic 

GO 

-20 

27 

104 

2 

G6 

Pulse rate 


100 

48 

75 

124 

56 

94 


Table II . 


Direction and Average Degree of Change (in Millimeters of Mercury) 
of Arm and Thigh Pressures in Successive Headings at One 
.and Three Minutes in Each Posture. 112 Cases 


PRESSURE 

POSTURE 

[ ARM 1 

| THIGH 

i 1 MIN. 

j 3 MIN. 

| 1 MIX. 

| 3 MIN. 


Lying 


-3 



Systolic 

Standing 

+1 

-1 

+43 



Lving 


-1 



Diastolic 

Standing 

+G 

+G 

+37. 



The failure of the systolic pressure in the arm to rise while the dias- 
tolic pressure in the arm increased an average of 6 mm. on standing 
is in general keeping with the observations of many observers, 21 * 27 who 
have found that the diastolic pressure in the arm rises an average of 
10 to 12 mm. while the systolic pressure in the arm may rise, remain 
stationary, or decrease with assumption of the standing posture. The 
s>.s,.o!ie pressure in the thigh did not change materially on successive 
^ } - This "’ as f dso true for the diastolic pressure in 

k.i i> t , th<> biwi denote the difference 

In the tb',x;h is higher than in^tiie 'arm?"' 1 t,lnt in tJ ie.nrm. Nonnail j-. blood pressure 
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the arm, but, in the thigh, the second diastolic reading, while the sub- 
ject was horizontal, was,. on the average, 14 mm. higher than the first. 
In the standing posture, the second diastolic rending' averaged 8 mm. 
higher than the first. 

The extent of variation of blood pressure from the average for the 
group is indicated in Table 111. Thus, only 50.fi per cent of all the 
blood pressures fell within 10 per cent of the average, whereas 86.5 per 
eent of the readings fell within 20 per cent of the group average. 



In — -Average values for systolic ami diastolic blood pressure and pulse pressure 

hm.i*f„? ,r i rn thiph, differential blood pressure, and pulse rate of 112 subjects in 
Horizontal and upright postures. 

These results are almost identical with those of Strang, who found in 
a careful study of fifty-four normal subjects that 60 per eent of the 
blood pressure readings fell within 10 per cent, and 85 per eent of 
the readings fell within 20 per cent, of the average for the group, 
lu general, in the present study, the greatest tendency to vary from 
the average was found in the systolic pressure in the thigh, followed, 
m order, by the diastolic pressure in the thigh in the horizontal po- 
sition. The least variability was noted in the systolic pressure in the 
arm in the horizontal position and in the diastolic pressure in the arm 
in the standing posture. 
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That there is considerable variation in the difference between blood 
pressures in the thigli and arm can be seen from Table I. Thus, in the 
horizontal posture, the. systolic differential pressure varied from -4 to 
-f64 mm., with an average difference of 35 mm., and the diastolic differ- 
ential varied from -20 to +60 mm., with an average difference of 27 
mm. of mercury. In the upright posture, the systolic differential varied 
from -4 to +128 mm., and the diastolic varied from +2 to +104 mm.: 
the average for the former was 78, and, for the latter, 66 mm. of 
mercury. A negative differential pressure was observed in only two 
cases. 

Table IV lists various values for the difference in blood pressure 
between the thigh and arm as observed by various authors. The aver- 
age for all groups, including ours, is 31.6 mm. of mercury ; that is, the 
blood pressure in the thigh averages that much higher than in the arm. 


Table m 

Variations of Observations From the Average for Each Position 



PLACE 

POSITION 

AVERAGE 

PRESSURE 

OBSERVATIONS 
± 10 PER CENT 
OF AVERAGE 

OBSERVATIONS 
±23 PER CENT 
OF AVERAGE 

CASES 

MM. 

CASES 

PER 

CENT 

CASES 

PER 

CENT 


Arm 

Lving 

105 

115 

G4 

61.4 

96 

91.4 

Svstolic 


Standing 

9G 

115 

55 

57.3 

87 

90.6 

pressure 

Thigh ! 

Lying 

107 


56 

52.3 

86 




Standing 

100 

193 

58 

58.0 

92 

92.0 


Arm 

Lying 

105 

77 

62 

59.4 

86 

81.9 

Diastolic 


Standing 

96 

83 

59 

61.4 

99 

94.3 

pressure 

Thigh 

Lying 

107 

104 

59 

55.1 


76.2 



Standing 

100 

149 

71 

71.0 

85 


Average 

1 


■ 102 

123 

69.5 

59.5 

88.8 

86.5 


Table IV 

Comparative Studies on Systolic Blood Pressure Differential Between 
Thigh and Arm in Horizontal Posture 






DIFFERENCE 


AUTHOR 

YEAR 

CASES 

TYPES OF CASES 

1 

AVER- 
[ AGE 

RANGE 

f METHOD 

Burdick and others 

1925 

4 


38 

1 

Photographic 

Strans 

1929 

54 


38 

? 

Auscultatory 

Glaserrnann 

1932 

10 

Normal 

30 ! 

9 

1 

Auscultatory 

f 


7 ! 

Anemia 

53 ! 

? 

Auscultatory 


1 

26 

Aortic regurgita- 
tion 

46 

0 

l 

Auscultatory 

Cady 

1939 

75 

Essential hyperten- 
sion 

38 

6 to S3 

Auscultatory 

— — 


To 

Nonhypertensive 1 

22 

11 to 30 

Auscultatory 

am hi 11 and Hines 

1941* 

112 

Miscellaneous! (in- 
cluding 2 hyper- 
tensive) 

35 

—4 to -f64 

Auscultatory 


IS SI. nt is a r -Dort of the results ot this study, which was conducted in 

tone hundred ten of these had essentially normal blood pressure. 
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Table V 

Cases' According to Highest Horizontal Thigh Pressure 
Based on Sixty-Nine Cases 



! LEFT THIGH BLOOD 

RIGHT THIGH BLOOD 

EQUAL BLOOD 


i pressure highest 

PRESSURE HIGHEST 

PRESSURE 

PRESSURE 

i 




IN THIGHS 

i 

CASES 

AVERAGE, 

MM. 

CASKS 

I AVERAGE, 
MM. 

CASES 

' 

Systolic 

28 

5 

31 

8 

10 

Diastolic 

27 

7 

29 

9 

13 


If one considers only normal persons, fairly close agreement will be 
found among various nut hors. 

Although the blood pressure, on the average, appeared to be slightly 
higher in the right than in the left thigh, this difference does not 
appear to be significant except in certain eases in which there ore 
unilateral lesions of the central nervous system. Comparative values 
between blood pressure in the right and left thighs in 69 of; the 112 
eases are listed, in Table V. 

In considering various factors which might affect the thigh-arm 
differential blood pressure, it seemed desirable to compare the effects 
of so-called spastic and flaccid types of involvement of an extremity. 

Pit, field, 29 in a study of normal subjects and subjects suffering from 
organic cerebral lesions, chiefly hemiplegia, noted that the blood pres- 
sure in the limb contralateral to the cerebral lesion responded with 
much greater changes to tapping over the brachial artery than did the 
blood pressure in the homolateral limb. This change was chiefly in 
the diastolic pressure, which either rose or fell. These differences 
were not observed among his control eases. It was suggested that 
certain brain lesions may thus render the blood pressure in the affected 
limb more labile and less subject, to the influence of higher vasomotor 
control. 

With the foregoing in mind; a tabulation was made of cases in which 
there were unilateral cerebral or spinal lesions. There were eight such 
cases in this series. A rough grouping into those in which there were 
spastic, and those in which there were flaccid, types of involvement of 
an extremity was made. The results are listed in Table "VI. 

It was expected that possibly those in which there was spastic in- 
volvement might have a higher, and those in which there was flaccid 
involvement a lower, blood pressure in the affected than in the normal 
limb. This seemed to be true for Cases 47, 68, ( 2 , and .94. In the 
other four eases this difference was less striking. Cases 4 1 and 68 aie 
especially "worthy of comment, for these patients had a considerably 
higher blood pressure in the spastic thigh than in the normal thigh. 
In these two eases, the. differences were probably significant, for dif- 
ferences of' pressure between the two thighs for the entire series of 112 ■ 
cases were not nearly, so great as among the foregoing cases. In 
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Table VI 

Comparison of Differences of Blood Pressure (in Millimeters of Mercury) 
[v the Two Thighs in the Standing Posture. Individual Differences 
in Eight Cases in Which There Were Unilateral Neurologic 
Lesions, and Average Differences for Bight and Left 
Thighs in Sixty-Nine Cases* 



! DIAGNOSIS 

! 

AFFECTED SIDE 
DIFFERS BY : 

TYPE 

DISTURBANCE 

t \S£ 

1 SYS- 
: TOLIC 

DIAS- 

TOLIC 

SPASTIC | 

FLACCID 

47 

Right spastic hemiplegia, 15 months'” 
Juration 

+ 2 

+2S 

4 . 


US 

Left parkinsonism 

+54 

+38 



102 

Bight spastic hemiplegia, 7 years’ 
duration. Very little residual 

- 1 

- 6 

-r 


107 

Bilateral parkinsonism, (left > right) 

-IS 

+24 

+ 


ss 

Bight spastic hemiplegia (ancient) 

- 4 




72 

Protruded disk (atrophy, decreased 
reflexes) 

-46 

-38 


+ 

S6 

Protruded disk (atropliv, weakness of 
limb) 

-12 

+14 


+ 

94 

Atrophic left leg (since a child). Left 
patellar and Achilles reflexes much 
decreased ; left abdominal reflex ab- 
sent 

-20 

-16 


+ 


•Average difference between right and left thigh in sixty-nine miscellaneous cases, 
including the above, was systolic, 6 ; diastolic, S. 


Cases 88 and 101 the extremity had been paralytic for years, and the 
blood pressures in the affected limb were not much different from 
those on the normal side. Could it he that blood vessels in the affected 
limb had readjusted their tonicity gradually over a period of years to 
harmonize with the general level of blood pressure? 


COMMENT 


Although the factors of excitement and discomfort from the use of 
the tight cuff may have contributed in some degree to the wide variations 
which were noted in blood pressure and pulse rate among some subjects, 
other factors would seem to be of greater importance. Outstanding 
among them would seem to be the differences of constitutional make-up 
among different persons which help determine the response of blood 
pressure in the resting, unstimulated states, as well as the response to 
an emotional or painful stimulus. Realization of this fact suggests 
greater caution in attributing declines or inci’eases of blood pressure to 
the effects of a given therapeutic procedure. The factor of variability 
is c\en more important among those who have essential hypertension 
and among vascular hyperreaetors without hypertension. 

It is not within the scope of this paper to discuss the various hy- 
pot loses vhich have been advanced to explain the difference of blood 
pressure m the thigh and arm. We agree with Strang 1 " that two 
. nup°nen,s .no apparently responsible for such differences: a hydro- 
i< am .1 djriamic component. It is the latter which permits vascu- 
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lar readjustment over a wide range, and which is necessary to meet 
the varying needs of the living organism. 

The reason why, in two subjects, the blood pressure was lower in 
the thigh than in the arm is not understood. The blood pressures in 
these cases were cheeked several times with the thought that some 
error had been made, but none could be found. 

SUMMARY 

Blood pressure, pulse pressure, the difference of blood pressure in 
thigh and arm. and the pulse rate in 132 subjects in the horizontal 
posture showed great variability from person to person. 

The tendency of the diastolic blood pressure to increase while the 
systolic blood pressure remained essentially the same on changing 
from the horizontal to the standing position is in agreement with the 
results reported by others. 

Fifty-nine and five-tenths per cent of all blood pressures fell within 
10 per cent, and 80.5 per cent fell within 20 per cent, of the average 
for the group. These results are almost identical with those of Strang. 10 

Differential blood pressures between thigh and arm revealed a wide 
range of values; the average was 35 mm., systolic, and 27 mm., dias- 
tolic, for the horizontal posture. Assumption of the standing posture 
resulted in a differential pressure of 78 mm., systolic, and 66 mm., 
diastolic. 

No apparent correlation was noted between differential pressures 
and factors such as age, sex, or occupation. 

No significant differences were found between blood pressures in the 
left and right thighs of normal subjects. 

Knowledge of the range, of blood pressure in the normal, nonliyper- 
reacting subject, as contrasted to that in the normal, hyperreacting, or 
hypertensive, hyperreacting subject, is particularly important for those 
who are trying to evaluate therapeutic attempts to lower or raise the. 
blood pressure. 
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BLOOD PRESSURE JN TIIE ARM AND THIGH OP MAN 


IT. Hydrostatic Influences 

Earl E. Gambill, M.D., and Edgar A. Hines, Jr., M.D. 

Rochester, Minn. 

T IIE purpose of this study was to attempt to evaluate the hydro- 
static face or in the changes of blood pressure which are associated 
with assumption of the upright posture. This is the second of a series 
of papers reporting the results of a number of different studies on a 
group of subjects. For a general discussion of purposes, criticisms, 
and techniques, the reader is referred to the first of this series of 
papers. 1 

Hill, Flack, and Holtzman 2 found a definite correlation between the 
theoretical and observed increases of blood pressure that occur on 
assumption of the erect posture. The theoretical increase due to hydro- 
static pressure was nearly the same as the actual increase. Strang 15 
made similar calculations, and expressed the opinion that the increase 
of blood pressure with change to the upright posture is due almost 
entirely to hydrostatic pressure, although he felt that a vasopressor 
homeostatic component may also contribute to the increase. 

. In the present investigation the influence of hydrostatic pressure 
was studied by three approaches. First, in 50 of the 112 subjects, the 
cuff on one thigh was inflated, before the subject stood, to a point 
well above the systolic blood pressure in the thigh in the upright 
posture. After the subject had stood for one minute the blood pres- 
sure in the opposite thigh was taken, af'er which the blood pressure 
was recorded on the side with the inflated cuff: the reading was made 
as this cuff was dolin' ed. Readings were repeated in the same order in 
each thigh one minute later for comparison. Although prior inflation 
of the cuff on one side does not; obviate hydrostatic pressure, it does 
apparently modify, momentarily, the blood pressure immediately after 
the hydrostatic column is abruptly lengthened by deflation of the cuff. 

Second, the approximate value* of hydrostatic pressure at the level 
of the popliteal space was calculated in the upright posture by measur- 
ing the distance in centimeters from the left fourth intercostal space 
near the sternum to the lower border of the thigh cuff in the popliteal 
•space. By means of the following formula, used by Strang, the value 
of hydros'. atic pressure in millimeters of mercury was obtained: 

Distance in millimeters . » T ,, . 

— — x I.Od = millimeters of mercury. In this 

lo.o 

instance, 1.05 represents the specific gravity of blood and 13.6 repre- 
sents the ratio of the specific gravity of mercury to that of water. 
Thus, the calculated hydrostatic pressure was compared with the ob- 
served increase of pressure which occurred ou standing. These calcu- 
lations were done on 26 of the 112 subjects. 
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Third, the effect of elevation of the arm or thigh on the blood pres- 
sure was observed. In twenty-six cases the arm was elevated to an 
angle of 90 degrees with reference to the horizontal position, and the 
resulting blood pressure was noted at the end of one minute. In four- 
teen cases the thigh was elevated semipassively to angles of 35 and 90 
decrees with the horizontal, and then the blood pressure was noted 
at the end of one minute. The latter procedure is open to criticism 
because one could not always obtain relaxation of the hamstring 
tendons. Variations of the contraction of these tendons could possibly 
affect the accuracy of the readings. 


RESULTS 

Use of the thigh cuff on one thigh in the first study showed a net 
decrease of 8 mm. (33 per cent) in the systolic, and a decrease of 
17.6 mm. (10.8 per cent) in the diastolic, blood pressure; the opposite 
thigh was used as a control. The decrease of pressure was observed 
for only a few seconds during, and immediately after, deflation of the 
previously inflated cuff. Within thirty to sixty seconds after deflation 
of the cuff, the blood pressure on the experimental side was usually 
back to the level of the control thigh. The results are shown in Table I. 

The foregoing observations are probably significant because it was 
found 1 that blood pressures w’hile patients urnre in the horizontal pos- 
ture were essentially the same in both thighs in most eases. The exact 
reason for the foregoing differences is not clear. One might reason 
that, while the cuff is kept inflated above systolic pressure in the up- 
right posture, the vessels below the cuff are spared the internal stretch- 
ing force which otherwise would be exerted by the hydrostatic pressure 
of the column of blood below the heart. They thus tend to relax. 
However, whenever the pressure in the cuff is Iov'ered below the dias- 
tolic level, the full hydrostatic load of the column of blood above the 
cuff is thrown on the relaxed vessels below the cuff. They perhaps 
soon regain their constrictor tone under the influence of the resulting 
internal stretching force of hydrostatic pressure. In this connection 
one may recall that Bayliss,* many years ago, demonstrated that ar- 
teries contract and relax in response to variations of internal pressure. 

The possibility that local vasodilating substances, such as histamine, 
might be elaborated in the leg rendered ischemic by the tight cuff and 
act locally on the vessels of that leg is to be considered. 


Table I 


Differences in Orthostatic Blood Pressure in Millimetres of Mercurt 
Between Right and Left Thigh, Induced by Inflation of 
One Thigh .Cuff Above Systolic Pressure Prior 
to Assumption of Erect Posture 


PRESSURE. 


CONTROL 

DIFFER- 

F.NCES 


DIFFER- 
ENCES DUr 
TO CUFF 


NET 

DIFFER- 

ENCES 


DECREASE OF 
BLOOD PRES- 
SURE DUE TO 
CUFF ( 9c) 
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The results of the second study, carried out on twenty -six subjects, 
are to be found in Table II. Thus, the increase of blood pressure in 
the thigh on change of; subjects from Die horizontal to the upright 
posture, calculated on the basis of hydrostatic pressure, was 6.6 per 
cent higher for the systolic, and 2.5 per cent higher for the diastolic, pres- 
sure than the increases which were actually observed. Theoretically, 
one would rather have expected the observed pressure to be greater 
than the calculated pressure, if they differed at all. To explain the 
foregoing observation one might assume that an impairment of the 
compensatory homeostatic factors concerned in the regulation of the 
blood. pressure occurs when the subject is moved to the upright pos- 
ture. Strang, in his study of twenty-four subjects, found that the 
difference between the observed and calculated changes of blood pres- 
sure on assumption of the upright posture were less than 2 per cent. 
It would appear that most of the rise of blood pressure which occurs 
when subjects stand is the result of hydrostatic pressure. The poten- 
tial role of homeostatic factors is, however, illustrated in some in- 
stances in which pressures in the upright posture exceed considerably 
the calculated or theoretical pressures. 

The results of the third study, namely, the effect of semipassive ele- 
vation of arm and thigh, arc revealed in Table III. Thus, the systolic 
pressure in the arm was lowered about 17 per cent, and the diastolic 


Table II 

Blood Pirns sum: in Thigh in Different Posture: Observed Compared With 
Theoretical. Average Values in Twenty-Six Cases 



position 

1 

BLOOD 

PRES- 

SURE, 

THIGH 

BLOOD 

PRES- 

SURE, 

STAND- 

ING 

MINUS 

LYING 

HEART 
TO POP- 
LITEAL 
SPACE 
(CM.) 

EQUIV- 
ALENT, 
MM. OF 
MER- 
CURY 

THEO- 

RETICAL 

PRES- 

SURE 

! 

THEO- 

RETICAL 

PRES- 

SURE 

MINUS. 

ACTUAL 

DIF- 

FER- 

ENCE 

(%) 

Sj'stolic 

pressure 

Lying 

Standing 

152 

197 

45 ' 

75.6 

58 

210 

+33 

+6.6 

Diastolic 

pressure 

Lying 

Standing 

106 

160 

54 

75.6 

58 

164 

+ 4 

+2.5 


Table III 

Effect of Semipassive Elevation of Arm or Thigh on Blood Pressure 

in That Arm or Thigh 



CASES 

PRESSURE 

HORI- 

ZONTAL 

! 

ELE- 

VATED 

1 MIN. 

CHANGE 

CHANGE 

(%) 

APPROXI- 
MATE 
ANGLE OF 
ELEVATION 
(DEGREES) 



Systolic 

119 

99 

-20 

-16.8 

90 



Diastolic 

77 

59 

-18 

-23.3 


j 


Systolic 

160 

148 

-12 

- 7.5 


Tliigli 

14 

Diastolic 

111 

96 

-15 

-13.5 

35 to 90 








(Av. 66) 
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pressure was lowered about 23 per cent by such procedures. The sys- 
tolic pressure in the thigh decreased, on the average, 7.5 per cent, and 
the diastolic pressure decreased 13,5 per cent on elevation of the limb. 

That the decrease of blood pressure which occurs in the limb which 
is elevated may not be due entirely to hydrostatic pressure is suggested 
by the following observations made on one of us (E. E. G.) : The con- 
trol blood pressure when the thigh was in the horizontal position was 
112/96. After elevation of the thigh to approximately 80 degrees for 
one minute, the pressure was 102/78. The foot was then flexed and 
extended in that position ten times during a period of ten to fifteen 
seconds. The pressure in the thigh immediately after this exercise was 
100/58. The blood pressure one minute after assumption of the hori- 
zontal position was 138/88. Emptying of the venous reservoir or some 
other change as the result of the exercise must have affected the home- 
ostatic component of blood pressure, for, obviously, hydrostatic pres- 
sure was constant before and after exercise. 

SUMMARY 

Placing a cuff around the thigh and inflating it above the level of 
systolic blood pressure before subjects assumed the standing posture 
resulted in a significant, but rather transient, lowering of blood pres- 
sure in that thigh when the blood pressure was measured during the 
period of deflation of the cuff. Possible explanations for this observa- 
tion are suggested. 

It appears that most of the increase which occurs in the blood pres- 
sure in the thigh when one stands is due to the influence of hydro- 
static pressure. There is, however, in a few subjects a homeostatic 
component in such increases; this is variable, and is distinct from that 
due to hydrostatic pressure. This homeostatic component may be of 
considerable magnitude. 

Elevation of the arm or thigh above the horizontal position resulted 
in a decrease of blood pressure in the limb ; this is' apparently also 
largely related to hydrostatic factors. 

The posture of a limb in which the blood pressure is measured should 
be stated, particularly when the limb is not in the horizontal position. 
I’ or obvious reasons, the horizontal position of the limb is the one in 
which blood pressure should be measured. 
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III. Effect of Venous Engorgement 

Earl E. Gam bill. M.D., and Edgar A. Hines. Jr., M.D. 

Rochester, Minn. 

W E HAVE been impressed with the observation that venous con- 
gestion often seems to result in an increase in the diastolic pressure. 
In some instances this may amount to several millimeters. The fact 
that some persons have this tendency, whereas others do not, requires 
clarification. The purpose of this study was to learn something about 
the effects of congestion, produced by various means, on blood pres- 
sure in the arm and leg while subjects were in the horizontal and 
erect (head-up) posture, and to study individual differences. Three 
types of study were performed, utilizing different groups of persons 
among the 112 people upon whom studies were reported in the first 
of this series of papers. 1 

study 1 

This study consisted of observing the effect of relatively prolonged 
engorgement of one leg, produced by keeping the pressure within the 
cuff about the thigh above the level of diastolic pressure, blit 10 to 
15 mm. below systolic blood pressure, for three minutes. The blood 
pressures during this time were measured in the noncongested and con- 
gested-limb, in that order, at the end of the first and third minutes, 
and then again one minute after deflation of the congesting cuff. This 
study comprised twenty-four cases in which the limb was in the erect 
posture and fourteen cases in which the limb was in the horizontal 
posture. 

Results . — Congestion of the leg which was in the erect, foot-doAvn 
position produced a net decrease of 1 mm. of mercury (0.5 per cent) 
in the systolic pressure, as compared with that in the noncongested 
leg, which was used as a control (Table I). Tills is, of course, an 
insignificant change. The diastolic pressure, in contrast, increased a 
net average of 13 mm. (8.2 per cent), apparently as a result of the 
congestion. Congestion of the leg which was in the horizontal position 
produced a net increase of 3.4 mm. (2.2 per cent) in systolic pressure 
and 11 mm. (10.3 per cent) in diastolic pressure in that leg when com- 
pared with the changes in the noncongested leg. The values for the 
diastolic pressure are probably significant. In eight eases, congestion 
of one arm. which was in the erect, hand-down position resulted in a 
. net increase of 7.5 mm. in the diastolic pressure, .with essentially no 
change in the systolic pressure. ! 
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Table I 


Differences in Blood Pressure Between tiie Two Thighs in Standing Posture 
After Cuff Pressure in One Thigh Had Been Maintained for Three 
Minutes Between Systolic and Diastolic Level 


position 


Standing 


Lying 


CASES 

| PRESSURE 

1 TYPE 

1 

CONTROL i 
BLOOD j 
PRESSURE | 

| CON- 
GESTED 
| THIGH 

XOXCOX- 

GESTED 

THIGH 

DIFFER- 

ENCE 

NET 

CHANGE 

(%) 

i 24 

Systolic 

204 

_ 4 

-3.0 

- 1.0 


1 24 

Diastolic 

158 

•fl3 

0.0 

+13.0 

- S.2 

14 

Systolic 

156 

- 3 


+ 3.4 

-f 2.2 

14 

Diastolic 


4-1 S 



+io!s 


A study related to tlie foregoing, employing one of ns (E. E. G.) 
as the subject, consisted of congesting one leg in the following manner: 
Two cuffs were placed around one thigh, the first high on the thigh 
and the second just above the knee. A control blood pressure reading, 
taken in the thigh while the subject was standing, was 200/160. The 
subject then-lay horizontally, and the upper cuff was inflated to 90 mm. 
of mercury, after which he assumed the standing position. After one 
minute of congestion in this position the blood pressure in the con- 
gested thigh had increased to 224/192. The upper cuff was then com- 
pletely deflated, after which a second measurement revealed a systolic 
blood pressure of 210 and a diastolic of 160. Thus, congestion was 
associated with an increase of 24 mm. in the systolic pressure and of 
32 mm. in the diastolic pressure. Discomfort from the procedure was 
minimal. 

study 2 

The second study utilized 41 of the 112 subjects referred to in tbe 
first of these papers. 1 Two and sometimes three successive measure- 
ments of diastolic pressure were made in the arm and thigh; the sec- 
ond and third were made within ten to fifteen seconds of the preceding 
one. After the first measurement of diastolic pressure had been made, 
the cuff about the limb, without further deflation, was reinflated a few 
millimeters above diastolic pressure: after this it was deflated slowly 
until tbe diastolic level was again found. These readings were made 
with the subject standing and with the arm dependent. By the fore- 
going maneuvers blood could enter the arm and thigh as a result of 
cardiac systole, but could not get out of the limb. Engorgement of tbe 
arm and leg was thus accomplished. 

I{< suits . — The second diastolic measurement averaged 3 mm. higher 
in the arm and 9 mm. higher in the thigh than the first (Table II). 

Table II 

Comparison of Two Successive Diastolic Pressures, thf. Second Obtained After 
Quickly Raising Cuff Pressure by 10 to 15 mm. or Mercury Immediately 
After First Diastolic Reading. Based on Forty-One Cases With 
Subject in Standing Posture 



l FIRST READING j 

; SECOND READ- 

DIFFERENCE 1 

CHANGE 


\ (MM.) 1 

INC (Mil.) | 

(MM.) t 

(<7c) 

Arm 

SI 

84 

4 3 

a-3 7 

THi;h 

35.5 

164 

4f» 

40.8 
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STUDY 3 

This study consisted in noting -whether the diastolic pressure was 
significantly altered as a result of quiet standing for three minutes. 
Comparisons were made between the diastolic pressure in. the thigh 
while it was horizontal, before and after the subject had stood for 
three minutes. 

Results.— -The mean results in thirty-three cases are revealed in Table 
III. Thus, standing for three minutes apparently did not have much 
effect on the mean blood pressure in the thigh in the entire group 
-when readings were taken subsequently in the horizontal position. How- 
ever, it must be realized that individual patients may show wide dif- 
ferences in the change in blood pressure which results from a change 
in posture. For example, there, were differences of as much as a 30 
ram. increase, or as much as a 34 mm. decrease, in the diastolic pres- 
sure in the horizontal posture after standing, compared to that before 
standing for three minutes. 


Tabu: III 

Comparison or Difference ix Blood Pressure Between Thigh and Arm in 
Horizontal Postpre Before and After .Standing for Three Minuter 



INCREASE (+) OR DECREASE (-) IN BI.OOI) PRESSURE DIFFERENCE. 

MM. OF MERCURY 



AVERAGE DIFFER* 







EXCE AFTER 

! RANGE OF DIFFERENCE AFTER STANDING 


CASE 

j STANDING 

i 






1 MIX. 

; 3 MIX. 

1 MIX. 

| 3 MIN. 



MAX. 

MIX. 

MAX. 

MIX. 

Systolic 

33 

+-1 

1 -0.2 ' 

+*12 

-10 

+32 

-32 

Diastolic 

33 

+2 

1 - 1.0 

+30 

-34 

+30 

-30 


COMMENT 

This study does not explain why some persons exhibit a considerable 
increase in diastolic pressure, whereas others show little or no change 
as a result of congestion. It does, however, indicate that such differ- 
ences do exist, and that considerable differences may be found from 
person to person. The increase in diastolic pressure in response to 
congestion appears to be greater in the congested leg than in the con- 
gested arm. ' 

We have gained the impression, which has not been proved, that 
those persons who have soft, flabby muscles, or who have been in bed 
for some time and who are in poor general condition, are prone to 
exhibit a greater increase in diastolic pressure and a greater tendency 
to a decrease in the intensity and clarity of the diastolic auscultatory 
sounds during congestion of the limb than do persons of the opposite 
type. It may he that venous tone and the venopressor mechanism 2 are 
more effective among those who have hard, muscular limbs, thus coun- 
teracting the tendency to venous engorgement. 
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Interestingly, tlie systolic pressure responds little or not at all to 
congestion. This suggests the possibility that the increase in diastolic 
pressure under such circumstances may be due to increased local ar- 
terial constriction in response to increases of venous pressure in the 
venous reservoirs. If the vessels of these reservoirs can increase their 
tone sufficiently, and if other factors constituting the venopressor 
mechanism can function effectively, venous return may not be much 
hampered. The venous reservoirs would be less engorged, so that the 
load distal to the arterial side of the vascular segment would be less. 
The arteries proximal to these reservoirs, which are subjected to less 
internal pressure, would tend to contract to a lesser degree. This 
might tend to lower the diastolic pressure. On the other hand, if the 
ability to increase venous tone in response to venous engorgement is 
defective, then the great venous reservoirs which are engorged as a 
result of the cuff which is obstructing venous return cannot empty 
themselves effectively. The increased venous pressure is transmitted 
backward toward the arterial portion of the circulation. To overcome 
this increased load and to restore the former arteriovenous gradient 
in pressure, there may be a rise of pressure in the arterial segments. 
Since systolic pressure does not increase much under these circum- 
stances, the increase in diastolic pressure may be produced largely by 
local arterial constriction, rather than by an increase of cardiac output. 

Defective arterial constriction in response to venous engorgement 
could be a factor in the failure of the diastolic pressure to increase in 
some persons during venous engorgement. However, one must also 
consider the possibility that such persons may have a highly effective 
venopressor mechanism, which would tend to counteract congesting 
influences. Such persons possibly can deal adequately with the extra- 
vascular burden at its very origin, with the result that little or no 
extra pressure is called forth in the arterial side of the circulation to 
maintain the proper arteriovenous gradient of pressure. These sug- 
gestions are offered merely as possibilities, evaluation of which would 
be quite difficult. 

We believe this study indicates the desirability, when one is measur- 
ing blood pressure, of deflating the cuff as rapidly as possible, in order 
to obviate the error of relatively higher diastolic pressure which may 
result from slow or intermittent deflation of the cuff. If the level of 
diastolic pressure cannot be readily established at the initial deflation 
of the cuff, it would seem best to deflate the cuff completely, wait a 
few seconds, and then try again. Lewis 3 observed that, if the pressure 
in the cuff placed around a limb is raised in increments, the pressure in 
the veins distal to the cuff increases within a few seconds to the level 
of each new pressure induced within the cuff. The venous pressure 
could he increased in this manner to approximately the level of the 
arterial pressure. It may be that persons who fail to exhibit increases 
of diastolic pressure in the presence of venous engorgement within the 
limb arc able to compensate adequately for such engorgement. 
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SUMMARY 

The production of congestion of an extremity by means of a tight 
cuff usually results in little change in systolic blood pressure, but, in 
some cases, it may result in considerable increase in diastolic pressure 
and a decrease in the intensity of the diastolic auscultatory sounds in 
that- extremity. It is not known why some persons exhibit lliese tend- 
encies, whereas others do not. Possible mechanisms are discussed. 

Slow or intermittent deilation of a blood pressure cuff below the 
level of systolic pressure may tend to increase the value of the dias- 
tolic blood pressure in some cases. Suggestions are offered to obviate 
this tendency. 
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BLOOD PRESSURE IN THE ARM AND THIG1I OF MAN 

IV. Blood Pressure in Exercised Extremities 

Earl E. Gambtll, M.D., axd Edgar A. Hines, Jr., M.D. 
Rochester, Minn. 

A FTER we had observed the effect of congestion on the blood pres- 
> sure in the arm and leg, 1 it seemed desirable to learn what effect 
exercise, by supposedly reducing venous engorgement, would have on 
the blood pressure. To observe the effects of exercise, subjects, while 
standing, were requested to rise up and down on the toes ten times 
during a period of ten to fifteen seconds. At the end of- the eighth 
excursion the pressure within the pressure cuff around the thigh just 
above the knee was quickly inflated to a point above the level of sys- 
tolic blood pressure; then, at the end of the tenth excursion, the sub- 
ject remained as still as possible while the cuff was rapidly deflated. 
The blood pressure was measured by the cuff as it was being deflated. 
A second blood pressure measurement was made in this thigh one min- 
ute after the first, and, in some instances, a third reading was made 
three minutes after the first. These values were compared with the 
control blood pressures in the standing posture. Thirty-six of the 112 
cases reported elsewhere 1 were studied in this manner. 

Table I 

The Effect of Exef.cise ox the Blood Pressure ix the Thigh, Staxdixg 
Posture (Raising Up and Down on Toes for Tex Times in 10 
to 15 Seconds). Based ox Thirty-Six Subjects 




AT END OF 
EXERCISE 
(MM.) 

1 MINUTE 

CHANGE | 


RECOVERY 


CONTROL 

AFTER 

DUE TO 

CHANGE 

IN 1 


(MM.) 

EXERCISE 

(MM.) 

EXERCISE 

(MM.) 

(%) 

MINUTE 

(%) 

Systolic | 

195 

192 

196 

- 3 

- 1.5 

133.0 

Diastolic 

15G 

133 

150 

-23 

-14.7 

73.9 


The major effect of such exercise was a considerable reduction in 
the diastolic blood pressure; the average reduction was 23 mm. of 
mercury (Table I). Whereas one minute after exercise there was an 
o\ei shooting of the systolic blood pressure above the level prior to exer- 
cise. there vas, during this time, recovery of only 74 per cent of the 
loss of diastolic pressure that had been produced by exercise. These 
points are illustrated in Fig 3. 


At fust it u as fell that the reason for the decrease in diastolic blood 
impure niter exercise might be an emptying of the venous reservoirs 
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due to the exercise. If this were entirely true, exercising the leg while 
the cuff was inflated to a point well above the level of venous pressure 
would be expected to obviate much of this fall in pressure. To test 
this idea, twenty-six subjects were exercised with and without the 
cuff inflated to a point between systolic and diastolic blood pressure 
(Table II). There was essentially no difference in the two experiments 
in the change which occurred in the systolic pressure, and not much 
difference in the change which occurred in diastolic pressure, although 
the decrease in diastolic blood pressure was definitely less when venous 
return in the thigh was prevented by use of the tight cuff during ex- 
ercise. Theoretically, the venous reservoirs of the exercised legs could 
not be emptied because of the obstructing cuff. Obviously, other fac- 
tors were concerned in the reduction of the diastolic pressure which 
followed exercise. This reduction, it should be emphasized, was quite 
evanescent, for, in most cases, the diastolic blood pressure was back 
nearly to normal within a minute or so after the subject ceased exercise. 



Fig. 1. — The effect of exercise of the legs (raising up and down on toes ten times 
in ten to fifteen seconds) on blood pressure in the leg while standing. Based on 
thirty-six subjects. 


It is quite possible that .such exercise reduces vascular tonus in the 
vessels of the. extremity, perhaps by liberation of vasodilator substances 
or by reflex influences, or both. According to Anrep , 2 many sub- 
stances associated with metabolism may produce vasodilatation. These 
influences include excess of carbon dioxide, histamine, and deficiency 
of oxygen. By the use of the hot-wire anemometer, Anrep showed 
that, during active exercise, there were a decrease of arterial inflow 
and an increase of venous outflow in the muscles which were being 
exercised. During relaxation these changes were reversed. In our 
studies the lowered diastolic pressure which was noted early in the 
relaxation which followed exercise may be related to relatively greater 
emptiness of the venous reservoirs produced by the muscular move- 
ments of exercise. 
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Table H 

CoMrAKATIVE EFFECTS OK Bl.OOD PRESSURE IK TniCII IK STANDING POSTURE OF 
Exercise Without akd With Thigh Cuff Held Between- Systolic 
and Diastolic Pressures. Based ox Tvexty-Stx Cases. 
(Exercise Consisted of Pausing Up and Down ox 
Toes Ten Times in 10 to 15 Seconds) 


: 

[ THIGH blood pressure : 

CHANGE (MM.) I 

! change (9c) 


CONTROL 

WITHOUT 

WITH 

CUFF 

(MM.) 

WITHOUT 

WITH 

WITHOUT 

with 


(MM.) 

CL FF 
( MM.) 

CUFF 

CUFF 

CUFF 

CUFF 

Svstolif 

194 

191 

190 

- 3 

- 4 

— 1.5 

ms 

Diastolic 

355 

134 

139 

-23 

-16 

-13.5 

mu 


During tliis investigation it was observed that, while a blood pres- 
sure reading was being obtained in the thigh while the subject was 
standing immediately at the end of exercise, or during deflation of a 
cuff which had been kept inflated for one to three minutes above sys- 
tolic blood pressure in the thigh, there was a loud, soft, fairly con- 
tinuous, blowing, systolic bruit which first became audible at the level 
of the diastolic blood pressure and lasted 15 to 20 mm. below that level. 
This bruit, although continuous, was accentuated during passage of 
the systolic impulse along the artery. This bruit generally was absent 
when the cuff was reinflated thirty to sixty seconds after the initial 
deflation. It was often noted that an indefinite and faint diastolic 
pressure sound in the thigh could be made more definite and louder 
by exercising the leg for a few seconds. 

One can best explain the aforementioned bruit by reasoning that 
blood coming from a region of constricted vessels which have good 
tone passes by the enff abruptly into a region whose vessels presum- 
ably are comparatively relaxed and dilated, and more capacious as the 
result of exercise. The transient effect of any vasodilator substances 
or of reflex vasodilator mechanisms in producing decreases of vaso- 
motor tonus is quickly replaced by vasoconstriction as the abrupt in- 
flow of blood into tlie leg during relaxation of the muscles and defla- 
tion of the cuff results in an increase of the internal vascular stretching 
force. In this connection one is reminded of the observations of Bay- 
liss“ that arteries tend to relax when pressure within them is decreased 
and to constrict when this pressure is increased. 

r 

SUMMARY 

Exercise of the legs resulted in a transient, but considerable, reduc- 
tion in the diastolic blood pressure in the leg, but little reduction in 
the systolic blood pressure. Tlie average reduction in the diastolic 
pressure was 23 millimeters. The systolic blood pressure was reduced, 
on the average, only 3 millimeters. 

rise prevention of venous return by means of a tight cuff about the 

5 V ; U C ** was k° !n ? exercised had only a slight effect in prevent- 

" 1 decrease of diastolic pressure in the leg. 
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Other factors besides emptying of the venous reservoirs must be 
responsible for the decrease of diastolic pressure in the thighs which 
is noted soon after they are exercised. Certain vasodilator substances 
produced in the exercised extremity may play a role in such reductions 
of blood pressure. 

A soft, continuous, blowing murmur, accentuated during passage of 
the systolic wave along the arteries, was often heard as blood pressure 
was being measured within the first few seconds after cessation of 
exercise, or while a cuff which had been hept inflated above the level 
of systolic blood pressure for a few minutes was being deflated. 
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THE EFFECT OF RENAL VEIN OCCLUSION ON THE 
BLOOD PRESSURE OF THE DOG 


Louise Friedberg, M.S. 
Chicago, III. 


S LNCE the evolution of the Goldblatt method 1 of producing hyper- 
tension by partial renal artery constriction, other experimental 
methods of interference with the renal, blood flow have been used to 
affect tlie blood pressure, ^age 2 has shown that envelopment of the 
kidney in a cellophane membrane leads to hypertension by virtue of 
perinephritis. Another method used for the production of hyperten- 
sion is that of ureteral obstruction. 3 In this condition, as a result of 
resistance to urine flow, the pressure within the nephrons rises, the 
rise is transmitted through the kidney by virtue of the relative rigidity 
of the kidney capsule, and interference with renal blood flow ensues. 
However, the latter experiments have resulted in either transitory hy- 
pertension, with early death in uremia, or a mild, longer lasting blood 
pressure rise. 3 Still another experimental procedure has employed 
constriction of the renal vein. Such constriction, by obstructing out- 
flow, interferes with the normal rate of blood flow through the kidney. 
Bell and Pedersen 4 succeeded in producing hypertension of about two 
months’ duration in the rabbit by partial occlusion of the renal vein 
and placing a membrane around the kidney to prevent development of 
the rich venous collateral circulation which is known to follow renal 
vein occlusion. Dicker 3 and Braun-!Menendez c were successful in pro- 
ducing a slight pressure rise in the dog by partial venous occlusion 
alone, but this was transitory. A case of hypertension in a 12-year-old 
boy which was apparently due to occlusion of one renal vein by a 
thrombus has been reported by Perry and Taylor. 7 

The present study was undertaken in the endeavor to produce longer 
lasting hypertension by renal vein occlusion. For this purpose, in the 
long-term experiments, an attempt was made to apply enough con- 
striction to prevent, if possible, early compensation by collaterals, and 
yet not to occlude enough to lead to progressive and fatal renal ex- 
cretory insufficiency. 

Since this type of interference with renal blood flow differs basically 
irom the other types described above, pathologic studies of the kidneys 
were made to ascertain the effect of a long-standing increase of pres- 
.sure within the organ upon the structure of the renal vessels. 
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RENAL VEIN OCCLUSION AND BLOOD PRESSURE 


METHODS 

Blood pressures were measured with the Hamilton needle manome- 
ter. 8 The dogs were trained preopera, lively, as previously described,” 
until control diastolic blood pressures showed variations of not more 
than ± 5 mm. Tig. Blood nonprotein nitrogen determinations were 
carried out. by the method of lCoeh. 10 The operations were performed 
under sterile conditions on dogs anesthetized with 'nembutal or. ether. 
In most cases the ligature method of Drury 11 was employed in par- 
tially constricting the veins. In some, a silver band, 2 mm. wide, was 
used* for constriction. The venous occlusion was carried out bilater- 
ally, or, more often, unilaterally, combined with contralateral nephrec- 
tomy either preceding or immediately following the venous occlusion. 
In the reoperations, carried out under similar anesthesia, visible col- 
lateral veins were ligated. 


RESULTS 

1. Complete Occlusion of Both Baud Veins. — Preliminary observa- 
tions were made on bilateral, complete, venous occlusion in sixteen 
animals. All of these animals succumbed in from one to five days, 
with evidence of uremia. None showed hypertension. The kidneys at 
necropsy were intensely engorged : often, the renal capsule was rup- 
tured, and in these cases there was extensive extrarennl hemorrhage. 

2. Partied Constriction of the Renal Vein. — Bilateral, partial, venous 
occlusion was done in two experiments, and unilateral partial renal 
vein occlusion, with contralateral nephrectomy, in sixteen experiments. 
In eight animals, no blood pressure elevation was observed, although 
in five of these the nonprotein nitrogen rose temporarily to a varying 
extent. In the remaining eight animals a slight to moderate, imme- 
diate blood pressure rise resulted, reaching hypertensive levels in all. 
Three of the positive experiments are shown in Pigs. 1, 2, and 3. The 
blood pressure rose immediately (within twenty-four hours) in all but 
one case, in which the rise began after a three-day lag. The pressure 
rise lasted from two to eight days. In only two instances was it ac- 
companied by a rise in nonprotein nitrogen ; in the other six the non- 
protein nitrogen remained at its normal level. 

In six instances the blood pressure returned to normal. In the 
other two instances, the pressure continued elevated to a moderate 
extent, but showed fluctuation. In Y 118 (Pig. 1), this later elevation 
persisted for 734 days and through two pregnancies. In Y 135 (Pig. 2), 
the blood pressure elevation lasted 60 days, until reoperation. In one 
of the dogs, in which the renal vein was bilaterally occluded (X-5), one 
of the kidneys was removed 60 days later, and this was followed by 
elevation of the blood pressure for 39 days, when the experiment was 
interrupted by constricting. the renal artery of this kidney for another 
experiment. As expected, a more marked hypertension occurred after 
the arterial constriction. 

3. The Effect of Reoperation to Reduce the Collateral Venous Supply 
of the Kidney. — It soon became apparent from post-mortem examination 
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Fig. 2. — Blood pressure and nonprotein nitrogen in a dog (Y 135), showing the 
effect of unilateral renal vein constriction and contralateral nephrectomy and the 
effect of occluding the collateral capsuiar veins on two occasions by reoperation. R.V. 
— renal vein ; R.N. = right nephrectomy. 



Fig. 3. — Blood pressure and nonprotein nitrogen in a dog (Y 32) after renal vein 
constriction of the remaining kidney and occlusion of the capsular collateral veins on 
reoperation. 
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of these kidneys that a very rich collateral venous network developed in 
the hilum and around the entire capsule. We reoperated on a number 
of these anim als in an attempt to obliterate these collateral veins. Such 
reoperations were done once on four animals, without sustained hyper- 
tension after the initial venous occlusion, and twice on three animals, 
one with, and two without, sustained hypertension after the initial 
venous occlusion. 

The first reoperation was done an where from 15 to 76 days after 
the initial operation. In four, neither transitory nor prolonged blood 
pressure elevation occurred. In the other three, an immediate blood 
pressure rise developed, lasting from two (Fig. 2) to ten days ; in the 
latter this appeared after a seven-day lag (Fig. 3), but in the others the 
rise was immediate. In two of these animals, this immediate rise was 
succeeded by a later, fluctuating, moderate hypertension lasting 70 
and 101 days, respectively. 

Five animals were subjected to a second reoperation to obliterate the 
venous collaterals; this was done 75 to 278 days after the first reopera- 
tion, and three of these animals showed a transitory, immediate hyper- 
tension lasting one to three days (Fig. 2). In two, this was succeeded 
by a long lasting, fluctuating hypertension of moderate degree (176 
[Fig. 2] and 400 days’ duration, respectively). 

Gross and microscopic examination of the kidneys was carried out.* 

Grossly, there was a large amount of scar tissue around the site of 
ligation. Large collateral veins were abundantly distributed to the 
capsule and renal pelvis. The kidneys were bound down frequently 
by operative adhesions, which, in two instances of long standing hyper- 
tension (Y 32 and Y 118), actually distorted the shape of the kidney. 
In no instance was the renal artery found to be constricted or distorted 
by the scar tissue, and its lumen was widely patent and free of throm- 
boses in every case. The kidneys were found to be somewhat paler 
than normal, but the blood vessels were more clearly evident than usual. 

Microscopically there was evidence of chronic passive congestion, 
with the blood vessels widely dilated and engorged. The connective 
tissue was slightly increased and the tubular epithelium showed vari- 
ous degrees of cloudy swelling. No significant changes in the glomeruli 
were noted. Slight thickening of Bowman’s capsule was observed 
occasionally. Small focal hemorrhages, with foci of lymphocytic infil- 
tration, were also present. No significant changes in the renal arteries, 
arterioles, or veins were noted in any case, even in those animals which 
exhibited the longest and most marked hypertension. 


DISCUSSION 


It L clear from these results that, when the obstruction to renal venous 
~° v ' as tvith complete occlusion of both renal veins, progres- 
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sive renal excretory insufficiency develops and tlie animal dies of uremia. 
Apparently the flow from the kidney is so impaired in this condition 
that the amount of the Immoral mediator of hypertension which enters 
the blood stream is insufficient to cause any change in blood pressure. 
Such renal impairment, with no elevation in blood pressure, again 
illustrates the discrete relationship between hypertension and renal 
excretory insufficiency. 12 'When the obstruction is too slight, however, 
not enough interference occurs in renal blood flow to initiate the pro- 
duction of a sufficient amount of the humoral mediator of hypertension 
to cause a blood pressure change. Unilateral obstruction, intermediate 
in degree, when accompanied by contralateral nephrectomy, produces 
at least temporary hypertension. This is accompanied by a mild, 
transitory impairment, of renal function. The disappearance of the 
hypertension and azotemia is apparently due to the development of a 
rich venous collateral circulation, opened up by the elevation of renal 
venous pressure. Such venous collateral formation may occur more 
rapidly than collateral renal arterial supply, and may help to explain 
the more transitory nature of this type of hypertension. The speed 
and degree of collateral vein formation vary considerably from dog 
to dog. The effect of the collateral circulation can be retarded by 
operative ligation, in one or two stages, of the venous channels which 
develop, thus increasing the possibilities of producing a longer lasting 
hypertension. 

Thus, hypertension lasting 734, 101, 70, 39, and 400 days, respec- 
tively, was produced in five dogs. In a sixth dog (Fig. 2), hyperten- 
sion for 60 days, followed by an interval of 98 days of normal blood 
pressure and another period of hypertension of 176 days, occurred. 
However, these repeated operative procedures increase the chances of 
the development of a secondary connective tissue proliferation around 
the kidney. 13 By its contraction, this process acts in a manner similar 
to the perinephritis which follows envelopment of the kidney by a 
membrane. In fact, it has been shown that the attempt to increase the 
blood supply to the kidney by myopexy is ineffective in preventing 
hypertension for the same reason, i.e., capsular scar tissue formation, 
with compression. 13 In view of the multiplicity of factors involved, 
variability in results of such experiments are therefore not unexpected. 

It has been established that essential hypertension in man often is 
associated with renal arteriolosclerosis. 14 Occasionally, however, renal 
biopsies in cases with human essential hypertension fail to reveal these 
lesions. 15 However, these renal vascular lesions have not been found 
in long standing, experimental renal hypertension, whether produced 
by renal artery occlusion 10 or by perinephritis. 17 The absence of renal 
arteriosclerosis in the former has been explained by the fact that the 
constriction of the renal artery prevents the hypertension from appear- 
ing in the renal arterioles. If the perinephritis oecludes the main renal 
artery at the hilum or smaller arteries of the cortex, the same explana- 
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tion -would apply. The absence of arterial change might have a similar 
explanation in our experiments with renal vein occlusion, for peri- 
nephritis occurs. This, if it is the explanation, must have involved 
the smaller cortical vessels, for the main renal artery was found un- 
obstructed at neeropsy. Further, resistance of species may play a role, 
for Goldblatt 18 has been unable to find arteriosclerosis anywhere in the 
body of the dog, except the eyeball, after long standing hypertension 
resulting from renal artery constriction. Thus it might well be that 
the dog is not a suitable animal in which to induce arteriosclerosis by 
long standing blood pressure elevation. The results with chronic renal 
vein occlusion may be germane to the mechanism of the hypertension 
which sometimes develops during congestive heart failure. In con- 
gestive failure there is sometimes a protracted elevation of venous pres- 
sure which can affect the kidneys in much the same way as in these vein 
occlusion experiments. However, in congestive failure it is not possible 
to compensate for this by the development of collaterals because the 
venous pressure elevation is universal in the systemic circuit. These 
experiments, therefore, may serve .to account for one mechanism by 
which hypertension appears in congestive failure. 

CONCLUSIONS 

1. Complete bilateral obstruction of the renal vein leads to death in 
uremia, with suppression of renal function. Ho rise in blood pressure 
is observed. 

2. Partial renal occlusion sometimes leads to mild, transitory hyper- 
tension which is soon dissipated by the formation of an extensive cap- 
sular venous network. In one dog, however, this procedure led to 
moderate, fluctuating hypertension which lasted over two years. 

3. Reoperation and reocclusion of the collateral veins which develop 
is occasionally effective in producing a more severe and long lasting 
hypertension (of several months’ duration). This may be due to 
effective interference with the venous drainage of the kidney, or to 
compression of the kidney by the scar tissue around the hilum and 
capsule which follows reoperation. 

4. Xo permanent vascular changes were found in the kidney which 
might be related to arteriosclerosis, even in those animals with the 
more severe and longer lasting hypertension. 

I am indebted to Ur. L. N. Kat7. for guidance in tlic pursuit of this problem. 
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MOMENTARY ATRIAL ELECTRICAL AXES 

I. Normal Sinus Rhythm 

George M. Decherd, M.D., and Arthur Ruskin, M.D. 
Galveston, Texas 

T HIS paper describes a method of study of the atrial electrical impulse 
which may be used on persons who have normal hearts, or on pa- 
tients who have abnormalities in the size, shape, or position of the 
heart, or of the site of impulse generation. Results obtained under 
abnormal circumstances will be reported later. 

In 1921, Lewis, Drury, and Hieseu 1 employed simultaneous chest 
leads in an effort to demonstrate, on patients, the presence of a circus 
movement in atrial flutter and fibrillation. Their clinical data ap- 
peared to substantiate the conclusions which they had derived from 
preceding animal work. Lewis placed his leads on the chest wall in 
such a fashion that the electrical axis of the atrium could be measured 
from moment to moment in the sagittal, horizontal, and frontal planes. 
The electrical axes and the manifest electrical potential at each mo- 
ment were calculated by means of the Einthoven triangle, and, from 
the data obtained from each plane, a three-dimensional circus move- 
ment was postulated for flutter, and an irregular, variable circus path- 
way for atrial fibrillation. 

Our facilities did not permit us to take three simultaneous leads as 
Lewis, et al., did. We have, however, duplicated as nearly as possible 
their procedure, and have taken two leads simultaneously in each of 
the three planes by means of the Sanborn Tri-Beam Stetho-Cardiette. 
Each pair of leads may be taken simultaneously, i.e., Leads I and H, 
n and HI, and I and IH, and, by careful projection and matching, the 
three leads may be traced as though they had been taken simultaneously. 

METHOD OF STUDY 

In the sagittal plane, curves were taken by placing the right arm 
electrode over the manubrium, the left arm electrode over the xiphoid, 
and the left leg electrode on the back just to the right of the seventh 
dorsal spine. In the horizontal plane, the right arm electrode was in 
the left fifth intercostal space, near the left nipple, the left arm elec- 
trode in a corresponding position on the right side of the chest, and 
the left leg electrode on the back in the position mentioned above. 
The frontal projections were obtained by switching the left leg elec- 
trode from the back to the position over the manubrium sterni. The 
limb leads do not give a true frontal plane projection, as has been 
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pointed out by Scliellong. 2 The appropriate position of the Einthoven 
triangle that is formed when the electrodes are thus applied is shown 
for each plane in Fig. 1. With the Sanborn instrument simultaneous 
leads were recorded: Leads I and II, II and III, and I and III. We 
were careful to place the electrodes so that the triangle formed was 
as nearly equilateral as possible. The tracings obtained were placed 
in an opaque projector, and were thrown, enlarged ten times, upon a 
piece of graph paper. They were traced on this graph paper, and the 
enlarged tracing was utilized for the measurements necessary to ascer- 
tain the electrical axis and the manifest potential, using the method of 
Carter, Richter, and Greene. 3 



Position of the £inthoven Tojangles w the 3 Pm his 

Pig-. 1. — A, Position of the electrodes, and the triangle formed in the three planes: 
frontal, horizontal, and sagittal. B, The position of the Einthoven triangles, and 
their angles, in the three planes. 


The electrical axis calculated for each 0.01 second was plotted as 
shown in Fig. 2. It was assumed that the wave of depolarization 
travels a unit distance per 0.01 second, and the direction of the vector 
derived for each moment was plotted, beginning with the termination 
of the vector for the preceding time interval. The line thus obtained 
represents the consecutive momentary atrial electrical axes, and may 
be drawn for each of the three planes. By utilizing all three of the 
curves thus derived, one may visualize in three dimensions the momen- 
tary shift in the atrial electrical axis. The figures thus drawn or 
visualized have, of course, an anatomic basis, but are related only 
indirectly to the actual pathway of the electrical wave as it traverses 
the atrium. 
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Fig. 1 shows diagrammaticaUy the details of the position of the elec- 
trodes on the chest wall. It illustrates the facts that (1) the triangles 
formed were usually not perfectly equilateral; (2) the plane desig- 
nated as horizontal actually slanted down and forward; and (3) the 
posterior portion of the sagittal plane was slightly to the right of the 
midline. Fig. 2 shows the simultaneous records of Leads I and HI 
in each plane, as derived from a normal young man. Below these 
tracings are graphed for each plane the eonsecxitive electrical axes for 
each 0.01 second. In this case the atrial electrical activity lasted 0.11 
second. 

The curves for the frontal and horizontal planes show reasonable 
agreement, indicating that during the first 0.05 to 0.06 second the curve 
progressed forward and downward; later the axes inscribed a curve 
pointing to the left and downward. In the sagittal plane the vectors 
representing the electrical axes curved forward and down for 0.04 
second, and after this ran nearly straight down. The photograph 
represents an effort to depict these movements in a single three- 
dimensional figure. The shadows shoxv the projections of the “ actual” 
axes upon the frontal and sagittal planes, thus approximately repro- 
ducing the curves actually obtained from the electrocardiograms taken 
in these planes. The position of the camera does not quite permit 
visualization of the curve in the slanting horizontal plane. 

It must be emphasized that each segment of the curve represents 
only direction and time. The magnitude of the manifest potential 
cannot be shown without additional pictorial features, such as varia- 
tion in the width of the line, and it was felt that this would unneces- 
sarily complicate the figures. The use of a unit segment for each time 
interval in each plane cannot take into account the fact that the planar 
diagrams are projections of the “actual” electrical axis, and hence 
could not be equivalent on each plane. For this reason, there will be 
discrepancies when the “actual” axis is deduced from its three pro- 
jections. In spite of all these deficiencies, the general trend of direc- 
tion of the electrical axis is readily apparent in each instance. 

Data obtained in this fashion depend, for their absolute value, upon 
the validity of the hypothesis originally advanced by Einthoven. Ex- 
perimental proof of the validity of Einthoven 's triangle is lacking, 
hahr,* in 1920, mentioned bi’iefly the fact that he had performed ex- 
periments on cadavers which showed that the Einthoven triangle was 
accurate to within ±10 degrees. There is abundant evidence 5 that the 
hypothesis cannot be justified absolutely for the human heart, because 
of the fact that the heart is not. in the center of an equilateral triangle, 
and that the electrical properties of the tissues concerned do not fulfill 
t ie hypothesis. In spite of the theoretical and practical objections 

? ? le us . e ^ ie Einthoven triangle, it has served profitably for valu- 
able cluneal experimentation. 
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Fig. 2. — A, Simultaneouslv. recorded Leads I and 111 for each plane, frontal on the 
left, horizontal in the middle, and sagittal on the right. B, Curves for each plane, 
representing the direction of the atrial axes for each consecutive 0.01 second ; see text 
0, Photograph of a three-dimensional model in which the black wire represents the 
atrial axes. The shadows represent the projection on the frontal plane (left) and 
sagittal plane (right). Thev approximate the original curves for these two planes, 
shown above. The curve for the horizontal plane was utilized in arranging the posi- 
tion of the wire, but could not feasibly be reproduced by a third shadow. 
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Pig. 3 shows simultaneous tracings of the atrial complexes in Leads 
I and III, in each plane, taken on a normal male medical student. 
Lead II has been drawn in by carefully matching the projection of 
Leads II and III on the graph paper. For comparison, Lead II was 
calculated from the values for I and HI, and is shown by the dotted 
line. The data employed are summarized in Table I. In the horizontal 
and frontal planes, the tracing drawn from the calculated data agrees 
quite well with Lead II as actually obtained. In the sagittal plane, 
however, there is considerable discrepancy. This has been found to 
be the case with other patients. Therefore, the curves derived from 
the sagittal plane are probably less accurate than are those in the 
other two planes. The ease with which the data from the three planes 
may usually be combined into a three-dimensional figure indicates to 
us that there is great practical usefulness in the Einthoven triangle 
hypothesis. 

The theoretical aspects of vector analysis have been thoroughly dis- 
cussed by Schellong 2 in his recent monograph. IYeber G and Burger 7 
made early studies of the momentary change of direction of the ven- 
tricular electrical axis. Mann® first attempted to derive a monocardio- 


Table I 


PLANE 

Frontal 


Horizontal 


Sagittal 


TIME LEAD 

C SECONDS) I 


0.01 

0.1 

.02 

0.2 

.03 

0.0 

.04 

- 0.4 

.05 

- 1.0 

.00 

- 1.3 

.07 

- 2.0 

.OS 

- 1.9 

.09 

- l.S 

.10 

- 1.2 

.11 

— O.o 

0.01 

0.2 

.02 

0.2 

.03 

0.3 

.04 

0.1 

.05 

- 0.6 

.00 

- 0.6 

.07 

- 0.4 

.08 

- 0.7 

.09 

- 0.2 

.10 

0.1 

.11 

0.1 

0.01 

2.2 

.02 

3.8 

.03 

5.7 

. 0-4 

S .3 

.05 

9.5 

.00 

9.4 

.07 

7.4 

.OS 

5 . 4 . 

.09 

3.2 

.10 

1.3 

.11 

0.3 


LEAD II 

OBSERVED CALCULATED 

LEAD 

in 

ANGLE 

(DEGREES) 

- 0.3 

- 0.5 

- 0.6 

- 82 

- l.S 

- l.S 

- 2.0 

- 86 

- 2 .S 

- 3.3 

- 3.3 

- 90 

- 4 .S 

- 5.1 

- 4.7 

- 94 

- 7.6 

- 7.3 

- 6.3 

- 98 

- 8.2 

— 7.7 

- 6.4 

-300 

- 7.0 

- 8.0 

- 6.0 

-105 

- 4.7 

- 5.6 

- 3.7 

-113 

- 3.0 

- 4.0 

— 2.2 

-117 

- 1.5 

- 2.4 

- 1.2 

-120 

- 0.3 

- 1.0 

— 0.5 

-120 

- 0.4 

- 0.4 

- 0.6 

- 70 

- 1.4 

- 1.4 

- 1.6 

- 83 

- 2 .S 

- 2.6 

- 2.9 

- 84 

- 3.8 

- 3.1 

- 3.2 

- 88 

- 4.1 

- 3.8 

- 3.2 

- 98 

- 4.0 

- 3.4 

- 2.8 

- 99 

- 3.4 

- 3.3 

- 2.9 

- 97 

- 2.7 

- 3.0 

- 2.3 

-104 

- 1.8 

- 1.5 

- 1.3 

- 98 

- 0.9 

- 0.6 

- 0.7 

- 97 

0.0 

- 0.3 

- 0.4 

-101 

0.0 

1.8 

- 0.4 

20 

0.6 

2.5 

- 1.3 

11 

1.0 

3.5 

- 2.2 

5 

O.S 

4.6 

- 3.7 

4 

l.S 

4.8 

- 4.7 

0 

4.0 

3.9 

- 5.5 

- 4 

4.0 

3.8 

- 5.6 

- 33 

3.5 

0.4 

- 5.0 

- 24 

2.0 

- 0.4 

- 3.6 

— 35 

0.3 

- 3.0 

- 2.3 

- 55 

0.3 

- 0.4 

- 0.7 

- 64 



MrCHERD AND RUSK.1.N t MOMENTARY ATRIAL ELECTRICAL AXES 

gram by calculation from the usual limb leads, and later devised an 
instrument, whose beam was influenced by the potentials from all three 
leads. 0 Wilson and Johnston 10 employed the cathode-ray oscillograph 
for the same purpose. At about the same time, Schell on gr llollmann 
and Hollmarm, 11 and Gnekes 1 - began extensive clinical and experi- 
mental investigations of vector diagrams obtained from the human 
heart. These authors used differing leads and planes, but in each in- 
stance obtained tracings which represent the pathway, either in one 
plane or in three dimensions, of the ends of the momentary ventricular 
vectors of varying length, as the vectors rotate about a fixed point. 
Polar electrocardiograms were thus obtained instead of linear ones. 



Flgr. 3. — Reproduction of three lends in each plane, derived from a normal subject 
Leads I and III were, taken simultaneously, and traced upon ttrapb paper. Leads II 
and III were superimposed by projection. The values of Lend II, ns calculated from 
those of I and 111, are shown by the dotted line. The data are in Table I. 

By Mann’s first, method the vectors of the P wave may be satisfac- 
torily measured. The methods which employ the oscillographic tube 
are valuable in studying the ventricular complexes, but yield such 
small complexes corresponding to the P wave that no conclusions may 
be derived from them. Our method of graphing differs, in that the 
electrical axis for each 0.01 second follows that for the preceding in- 
stant, rather than lying by its side. Our graph also differs from those 
employed by Lewis, although his data, when graphed by our method, 
give curves which are, in general, in agreement with ours. 

EXPERIMENTAL RESULTS 

Normal Persons . — The curve in Fig. 2 shows the momentary shifts 
in the atrial electrical axis in one normal person. Fig, 4 shows the 
models of. six curves derived in a similar manner from normal male 
medical students. In the frontal plane most of the curves pass down 
and to the left in a rather uniform fashion. In one, however (Fig. 4, /), 
the curve moved to the right at an angle of -72° before turning down 
and towards the left; in this case fluoroscopic examination showed an 
unusually prominent right atrium, but no other indication of heart 
disease was detected. In the horizontal plane the curve forms an arc 
which moves forward and to the left, hut with considerable variation 
The early portion may point, as it did in one instance, slightly to the 
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right (-74°) before turning to the left; or the axes in the first few 
segments may point as much to the left as -140°. The terminal por- 
tion of the curve shows variation between -104 3 (forward and slightly 
to the left) and 4-160° (to the left and slightly backward) . The curves 
obtained in the sagittal plane are consistent in that they usually move 
down, and. at first, forward ; the terminal segments may turn, varying 
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from -90° (straight forward). to +30° (slightly backward). In one 
instance the curve in the sagittal plane showed a slight backward con- 
vexity. In general, normal persons appear to yield curves which are 
smooth and simple. 



Fig. 5. — Consecutive atrial axes from patients with hypertensive and arteriosclerotic 

heart disease. 

Patients With Heart Disease. — Fig. 5 shows six examples of the type 
of curve derived from patients with arteriosclerotic and hypertensive 
heart disease. The complexity of the curves fails to show, however, 
invariable correlation with the severity of the heart disease as judged 
by clinical standards. Thus, the curve in Fig. 5, a, is smooth, simple, 
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and devoid of complexity; it is the record of atrial activity in a case 
of hypertensive heart disease and congestive heart failure, with left 
bundle branch block and a QRS interval of 0.20 second. The curve in 
Fig. 5, d, is from a hypertensive patient with right bundle branch block 
of the Wilson type. The other tracings were derived from patients 
with clinical evidence of extensive myocardial disease. We regard the 
complexity of these curves, with their multiple changes in contour and 
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direction, as a probable indication of disease of the atrial muscle, with 
conduction defects. 

Two other types of anatomic abnormality are shown in Fig. 6. Fig. 
6, a, b, c, and d, shows the curves from four patients with mitral stenosis. 
In Fig. G, a and b } the curves move to the right and down, later turning 
to the left. Both patients had mitral stenosis of moderate grade. The 
curve in Fig. G, c, is from a patient who had high-grade mitral stenosis, 
moderate aortic regurgitation, and congestive heart failure. Here the 
pattern of the two preceding curves is repeated in a more conspicuous 
manner. We suspect that this type of initial shift to the right of the 
atrial axes is to be connected with the dextroposition of the right 
atrium which occurs in such patients as a result of enlargement of the 
left atrium and the right ventricle. The patient from whom the curve 
in Fig. 6, d, was derived also had mitral stenosis and aortic regurgita- 
tion, but, in addition, had an acute exacerbation of rheumatic fever. 
"We feel that disturbances in conduction through the atrial muscula- 
ture, incident to acute rheumatic myocarditis, probably played a sig- 
nificant role in producing the bizarre curve obtained. 

Dextroposition of an otherwise normal heart in a. patient with ex- 
tensive cystic disease of the left lung produced the changes illustrated 
in Fig. 6, e, in which the atrial axes move down, forward, and to the 
right, A similar but smoother curve was obtained (Fig. 6, /) from a 
young man with situs inversus and dextrocardia. 

COMMENT 

Presumably, the course of these curves is determined by the site of 
the pacemaker, and also by the physiologic and physical status of the 
atrial musculature. Anatomic circumstances make it reasonable to 
believe that the impulse originating in the sinoatrial node must spread 
down and to the left, and that the electrical axis, which is the resultant 
of the lines drawn perpendicular to the advancing wave of negativity 
or polarization, probably moves in a similar manner. Further study 
may make possible an exact correlation between the electrical axis and 
the electrically active portion of atrial muscle, similar to the analysis 
of the QRS complex made recently by Gardberg and Ashman. 13 How- 
ever, it seems reasonable to anticipate that a change in the position 
of the pacemaker, a shift in the position of the heart, enlargement of 
one or both atria, and myocardial disease interfering with normal con- 
duction will alter the curves of the electrical axes. Further study will 
be, devoted to this, but, at this time, our interest is directed toward 
the general types of normal curves and their change of contour in 
certain disturbances of the atrial mechanism. 

summary 

Curves derived from patients with normal hearts show, in general, 
a shift of the consecutive atrial electrical axes down, forward, and to 
the left. The variations in this typical pathway are illustrated in Fig. 
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4, as well as one exception to this rule, in which there was a shift 
toward the right before the curve turned to the left. 

Patients with myocardial disease may show a similar, smooth curve, 
or, more often, will yield curves which are complex, with multiple 
changes in direction and contoui*. Acute myocardial disease, as well 
as chronic myocarditis, may cause conduction defects which markedly 
alter the curve. 

Patients with enlargement of other chambers of the heart which has 
pushed the right atrium toward the right, or, presumably, with en- 
largement of the right atrium itself, show curves which point to the 
right before turning to the left. 

Dextroposition caused by disease in the lung or pleural space, or 
congenital dextrocardia, will produce curves which point entirely down 
and to the right. 

Correlation of curves obtained by this method from persons with 
normal and diseased hearts with roentgenologic and necroscopic data 
is being undertaken. They are described at this time primarily for 
the purpose of setting up a standard for comparison with curves ob- 
tained from patients with atrial flutter, atrial fibrillation, and paroxys- 
mal tachycardia, which are discussed in the second paper of this series. 
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Clinical Reports 


CHRONIC CONSTRICTIVE PERICARDITIS DUE TO A FOREIGN 
BODY (NEEDED) IN THE PERICARDIUM 

Captain Bernard Straus, M.C., Army of the United States 

C ASES of constrictive pericarditis of traumatic origin arc rare. 

Glenn 1 recently reported a case as a result of a crushing injury to 
the chest, in an automobile accident. Warburg, 8 in an extensive review 
of the literature, cites three eases of traumatic origin, one of which 
was of dubious authenticity. Cases have been reported of bullets in 
the pericardium, 3 and migrating fish bones lodging in the pericardium, 
producing acute fibrinopurulent pericarditis. 4 * 5 However, a review of 
the literature has failed to reveal any case of chronic constrictive peri- 
carditis clue to a foreign body. It is, therefore, believed that; the fol- 
lowing ease of constrictive pericarditis caused by the lodgment of a 
surgical needle in the pericardium will be of interest. 


REPORT OF CASE 

T. B.. a 46-year-old fireman, was admitted to the Veterans Hospital, 
Bronx, New York, June 23, 1942, with a diagnosis of “cirrhosis of the 
liver with possible obstruction. ’ ’ His chief complaint was that he had 
been losing weight since Christmas of 1941, but, despite, that fact, his 
abdomen continued to be large and occasioned the ridicule of his 
fellow workers. He feared that he had an abdominal tumor, although 
he stated that he did not believe his abdomen had increased in size. 
In the preceding six months he had lost 30 pounds in weight. He com- 
plained of an excessive amount of gas, which was accompanied by 
belching. He had always been stout; his usual weight was 220 pounds. 
He had an uncomfortable sensation in his abdomen. When he walked 
rapidly, his “belly shook.” In 1935, while fighting a fire, lie fell three 
stories and sustained a fracture of the right knee, the left forearm, and 
several ribs on the left side. He was taken to a hospital, and, while 
undergoing an anesthetic preliminary to correction of the fractures, 
the patient stated that his heart stopped. He was given an injection 
in the third right intercostal space in the parasternal line. The needle 
broke off. An incision was made to recover the needle, but the attempt 
was unsuccessful. While in the hospital undergoing treatment for his 
fractures, he was told that pericardial effusion had developed. A 
physician wished to operate on his heart, but he was dissuaded against 
any operation by another physician. A roentgenogram in the patient’s 
possession, taken, in December, 1935. revealed evidence of pericardial 
effusion. The patient stated that, since the accident, his blood pressure 
had been low, usually about 88, systolic. He did not complain of short- 
ness of breath or pain in the chest on admission. Seven years before 

From the Veterans Administration Hospital, New York, N. Y. 

. This paper is published with permission of the Medical Director, Veterans Admin- 
istration, who assumes no responsibility for the opinions expressed. 
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he did have pain in the right side of his chest, but this disappeared 
completely. In December, 1941, he had an attack of phlebitis in the 
right leg, and still had occasional swelling of this extremity. He drank 
about three to four glasses of beer weekly. He never drank wine or 
hard liquor. This was confirmed by the patient ’s wife. 

Examination disclosed a somewhat undernourished, well-developed, 
white male, with a protuberant abdomen, who did not appear to be 
acutely ill. His temperature was 98° F., his respirations, 20, and his 
weight, ISSi/o pounds. There was no dyspnea or cyanosis in the, erect 
or sitting position. In the supine position, the patient’s face and neck 
assumed a dusky, cyanotic hue. He did not become dyspneie. Exami- 
nation of the fundi disclosed slight retinal arteriosclerosis. The veins 
of the neck were moderately distended in the erect position; in the 
supine position they were markedly so. The thorax was of medium 
size and configuration, and the lungs were normal. There was a 3 cm., 
linear, postoperative cicatrix in the third right intercostal space in the 
parasternal line. Heart: The point of maximum intensity of the apex 
impulse could not be palpated. The heart was not enlarged to per- 
cussion, the sounds were muffled, and the second sound was redupli- 
cated at the apex. There were no thrills or murmurs. The blood pres- 
sure was 112/76-76. The pulse rate was 92. No appreciable peripheral 
arteriosclerosis was present. There was no paradoxical pulse, Broad- 
bent’s sign, or systolic retraction at the apex. The abdomen was swol- 
len moderately. A fluid wave -was present, and the liver was 1% 
inches below the costal margin on the right. It was not tender. The 
spleen was not enlarged. There were no other masses. Extremities: 
The left arm was 2 inches shorter than the right. There was incom- 
plete ankylosis at the elbow joint, and extension was limited to 165 
degrees. Supination was moderately curtailed. There was a 4 by 3 
cm. cicatrix over the right knee. Flexion of the right leg at the knee 
joint was limited to 90 degrees. 

Laboratory studies : A roentgenogram of the chest (Fig. 1) on June 
30, 1942, showed that the heart and lungs were within normal limits. 
There was evidence of a pleuropericardial adhesion at the base. Two 
linear densities were seen at the border of the pericardium at the right. 
These had the appearance of broken fragments of a needle. The 
roentgenologist said that they appeared to be embedded within the 
pericardium or myocardium. Fluoroscopic examination revealed 
marked diminution of the phasic excursions of the heart. The pulsa- 
tions were feeble. There was no change in the heai’t size or position 
with deep inspiration or expiration. Esophageal study with barium 
showed no definite abnormalities. There was no evidence of esophageal 
varices. The electrocardiogram (Fig. 2) revealed a diphasic T 2 ; T 3 
was inverted. QRS, was of low voltage, and S 3 was prominent. The 
venous pressure measurement, using the direct method, on July 3, 1942, 
vas 33.5 cm. (normal, 4 to 12 cm.). On July 9 the venous pressnre was 

j cm - arm-to-tongue time on July 3, i942, using sodium dehydro- 
cnolate, was 18 seconds (normal, 12 to 18 seconds). On July 9 the arm- 
to-i,ongue time was 10 seconds. The arm-to-lung time (ether) on July 3, 
l.Lw, was 6 seconds (normal, 4 to 6 seconds). Bromsulfalein test: 5 
minutes, So per cent; 30 minutes, 5 per cent. The icteric index was 12.5. 

lie van den Bergh was 0.1 mg. The serum albumin was 5.2, the serum 
gioodim, 2.8.^ There was a mild anemia. Chemically, the blood was nor- 
mal. ihe urine was negative. The blood AVassermann and ICahn reac- 
tions were negative. 
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Diagnoses of “chronic constrictive pericarditis of traumatic origin, 
with enlargement of the liver and ascites, Class III, and foreign body, 
metallic, right side of the chest” were made. The cause of the con- 
strictive pericarditis was believed to be either the needle in the peri- 
cardium or the original trauma, i.e., the fall. Pericardiectomy was 
recommended. However, the patient wished some time to arrange his 
affairs, and he was discharged July 14, 1942. 



Fig. 1. — Arrow indicates needle in pericardium. 



Fig. 1A . — Enlargement of section showing needle fragments. 

On July 22, 1942, the . patient entered the Mt. Sinai Hospital, New 
York City, Surgical Service of Dr. Harold NeuliofJ 5 On July 23, 1942, 
abdominal paracentesis was done and 8,000 e.c. of straw-colored fluid 
were re moved. The blood pressure was 105/80. 

*1 am indebted to Dr. Neuhof for permission to summarize the patient's subse- 
quent course. 


SOS 


AMKRICAX HEART .TOURXAL 


Operation by Dr. Harold Neuhof: Under nitrous oxide, oxygen, and 
ether, oro-endotraeheal anesthesia, an incision was made in the right 
third intercostal space, in a transpleural approach. Evidence of an 
old inflammatory process was noted in the intercostal muscles. The 
right side of the heart was exposed, and the amplitude of the cardiac 
excursions was seen to be distinctly diminished. A large pericardio- 
diaphragmatic adhesion was seen and divided. The pericardium was 
thick, indurated, and densely adherent. The cpicardinm and periear- 

»' ‘ • ' -■ - - .4 
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dium were completely fused over tlie exposed portion of the heart. 
The pericardium over the right side of the heart was dissected away 
and removed. In the region of the inferior vena cava, the needle was 
found in two pieces in a dense, fibrous sheath, and removed. No at- 
. tempt was made to free the left side of the heart. Sulfathiazole was 
placed in the operative field. Closed drainage was instituted in the 
right axilla and the chest wound was closed. 

The patient left the operating room in excellent condition. His 
' blood pressure at onset of the operation was 104/64. When the peri- 
cardium was opened, the blood pressure rose from 84/45 to 128/80. 
This rise in blood pressure was maintained throughout the postoper- 
ative period, indicating that the heart had been effectively “freed. 
The day after the operation the patient developed a purulent bron- 
chitis which rapidly progressed to bronchopneumonia. Despite the 
administration of oxygen; several bronchoseopic procedures, sulfadia- 
zine, and supportive measures, the patient died on the third postopera- 
tive day, July 26, 1942. Death apparently was caused by suppurative 
bronchopneumonia. 

The pathologist reported fragments of thickened pericardium, show- 
ing marked fibrosis, with liyalinization and focal lymphocytic infiltra- 
tion. The second fragment of pericardium showed the foreign body 
(needle). 

An autopsy was not obtained. 

SUMMARY AND CONCLUSIONS 

A case is presented in which chronic constrictive pericarditis de- 
veloped six years after the accidental deposition of a portion of a 
surgical needle in the pericardium. 

White 0 observes that trauma resulting in hemopericardium may leave 
chronic adhesive pericarditis. This is due to fibrosis following organi- 
zation of the blood. In this case the pathogenesis is probably related 
to two factors: 

1. The development of an acute inflammatory process, beginning at 
the site of the needle. This is substantiated by evidence of an old 
infection of the intercostal muscles along the course of the needle, and 
by the development of a pericardial effusion about two weeks after 
the injury. 

2. Fibrosis due to chronic irritation of the pericardium because of 
the needle itself. This idea is supported by the fact that the thicken- 
ing, fibrosis, and induration of the pericardium were maximal at the 
locus of the needle. 
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REPORT OF A CASE OF PAROXYSMAL VENTRICULAR 
TACHYCARDIA, WITH NO DEMONSTRABLE ORGANIC 
HEART DISEASE, WHICH PRODUCED 
ATTACKS OF SYNCOPE 

Major Alfred F. Marra, M.C., Army of the United States 

P AROXYSMAL ventricular tachycardia is a condition that is not 
often encountered. Although it has been reported for many years, 
writers usually point out the fact, that it is a rare condition. It is not 
common in association with organic heart disease; much less commonly 
is it found in cases in which no organic cardiac lesion is evident. In a 
recent review 1 of thirty-six eases from the records of the Heart Station 
of the Boston City Hospital, the incidence was one in every 1,800 elec- 
trocardiograms. Of the thirty-six cases, there was only one in which 
ventricular tachycardia occurred without heart disease (1 in 64,800 
tracings). 

By far the greatest number of eases in which ventricular tachycardia 
occurs are cases of arteriosclerotic heart disease, often associated with 
hypertension. It occurs after coronary thrombosis and in rheumatic 
heart disease. It would therefore be expected that the largest inci- 
dence would be found among older patients. However, it may occur 
at any age. Amberg and Willius 2 reported its occurrence in a female 
infant of 15 months who had cardiac hypertrophy of unknown origin. 
Wolferth and McMillan 2 reported four cases of paroxysmal ventricular 
tachycardia, and the ages of two of the patients were IS and 20 years, 
respectively. In both cases there was evidence of organic cardiac 
disease. 

CASE REPORT 

C. J. II., a soldier, 27 years of age, was admitted to the Camp Myles 
Standish Station Hospital Jan. 9, 1943, complaining of attacks of diz- 
ziness, palpitation, and occasional syncope. Physical examination dis- 
closed a medium-sized man who was worried over these distressing 
attacks which had been coming on since October, 1942. Heart exami- 
nation disclosed occasional premature systoles. There was no enlarge- 
ment, the heart sounds were of good quality, and no murmurs were 
heard. The blood pressure was 112/70. 

Post History . — Diphtheria at the age of 5 years; scarlet fever at the 
age of 6 years; chicken pox at the age of 8 years. There was no his- 
tory of rheumatic fever. He had never had attacks prior to October, 
1-U2. In civil life he had been a cigar salesman. 

I amity History . — His father had had pulmonary tuberculosis, but is 
now considered cured. His mother and eicrht brothers are living and 
well. 

The patient said that his first attack occurred early in October, 1942. 
- sudden dizziness, fullness of the neck, and a sense of weakness. 

Received for publication June 13. 1043. 
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He continued to have attacks of tills nature, and occasionally lie lost 
consciousness. He always recovered rather promptly without ill ef- 
fects, and was able to resume his duties where he had left off. The 
most severe attack occurred Nov. 7, 1942, while he was working at a 
mimeograph machine. He lost consciousness for several minutes (3 to 
5 minutes, according to witnesses). When lie recovered, he was able 
to continue to operate the machine and to finish the task to which 
he had been assigned. This attack prompted him to report to the 
dispensary, where he was observed, and later sent to a hospital. ‘No 
diagnosis was made. After his discharge, he continued to have attacks 
and was admitted to the Station Hospital. 

An electrocardiogram taken Jan. 23, 1943, showed rather frequent 
premature ventricular systoles, occasionally in couples (Fig. 1). The 
patient was observed for many days, but during his stay in the hos- 
pital he did not have any attacks. No diagnosis was made, except 
cardiac arrythmia due to premature ventricular systoles. 
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Pig-. 1 . — C. J. H., Jan. 23, 1943. Shows premature ventricular systoles. Note the 

two successive ones in Lead I. 


He was told to report any further attacks, and, on Feb. 16, 1943, he 
returned to the hospital. He complained again of successive attacks 
of dizziness, fullness in the neck, and fainting. He did not complain 
of precordial pain or respiratory distress. It should be noted that 
while he complained of palpitation occasionally, this was never a ma- 
jor subjective symptom. 

Examination at this time again disclosed the frequent premature 
systoles, but, more than that, runs of tachycardia were also noted. 
A long tracing of Lead II was taken. Fig. 2 shows a characteristic 
portion of that tracing. The upper strip shows the premature ven- 
tricular systoles. The lower strip shows unidirectional paroxysmal 
ventricular tachycardia, lasting 5.2 seconds. Characteristically, the 
attacks began abruptly and ended abruptly, giving place to sinus 



lend taken at the same sitting. 
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rhyt hm with occasional premature ventricular systoles. Many attacks 
were recorded on this long tracing; the longest is reproduced here. 

On March 12, 1943, another tracing showing attacks of paroxysmal 
ventricular tachycardia was obtained. In this tracing, the attacks 
were recorded in the three limb leads and in CF 4 (Fig. 3). If the 
ectopic ventricular beats in this tracing are compared with those of 
Fig. 1, it will be noted that there is a close resemblance between the 
complexes of the tachycardia and the premature ventricular systoles. 



Fig. 3. — C. J. H., March 15, 1943. Runs of paroxysmal ventricular tachycardia 
in the three limb leads and CF 4 . Note resemblance of ventricular complexes to those 
in Fig. 1, especially in Lead I. 


It is believed, therefore, that the focus of origin of the attacks of tachy- 
cardia was the same as that which gave rise to isolated premature 
systoles. 

During the recording on March 15 the patient did not faint, but was 
frequently on the verge of losing consciousness. Evidently no attack 
was long enough to seriously impair cerebral circulation. Further- 
more, the patient was lying flat on the examining table. 
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Laboratory Data. — Urine: normal except for occasional leucocytes. 
Erythrocyte count: 4/777,000; hemoglobin, 90 per cent. Nonprotein 
nitrogen,* 39 mg. per cent; sugar, 82 mg. per cent. Basal metabolic 
rate: (a) -f20 per cent, (b) -3 per cent. Chest roentgenogram: “The 
heart is of moderate size; there is no apparent enlargement, and the 
general contour as seen in the A-P view appears normal. The arch of 
the aorta is within normal limits.” The pulmonic area was normal. 



4- — C. J. H.. May 4. 1943. Shows effect of qulnlrline sulfate therapy. Note 
ta* absence of premature ventricular systoles anti the eltect of the drug on the T 


On March 19, 1943, quinidiue sulfate therapy was started. The pa- 
tient was given the drug first in test doses, and then in larger doses. 
- 11 March 22 the dose was 18 grains a day, and this was established 
ns an adequate maintenance dose. Daily examinations for weeks dur- 
ing quiriidine therapy have shown occasional premature ventricular 
systoles which seem to have become rarer with the passage of time. 

a March 25 a tracing showed only one premature ventricular systole, 
i racings were taken frequently to note the effects of the quinidine, 
\ IK Vo ° I ,J c , nc -'t hoi of the dose to 15 grains a day, a tracing taken 
pul o. 194.», showed more frequent premature ventricular systoles, 
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and, in Leads III and CP 4 , there were two consecutive premature ven- 
tricular systoles. The dosage was raised to 18 grains again. Since 
then, tlie patient has had no attacks of paroxysmal ventricular tachy- 
cardia and no syncope. Fig. 4 shows a tracing taken May 4, 1943, after 
forty days of quinidine therapy. Note that there' are no ectopic sys- 
toles; the effect of quinidine on the T waves is apparent. The patient 
has had no symptoms of quinidine toxicity. 

SUMMARY 

1. A case of paroxysmal ventricular tachycardia is described; this 
occurred in a male soldier, aged 27 years, who had no organic heart 
disease. 

2. Electrocardiograms are presented showing (a) premature ventric- 
ular systoles, (b) attacks of paroxysmal ventricular tachycardia which 
stemmed from the same source as the premature ventricular systoles, 
and (e) the effects of quinidine sulfate. 

3. The efficacy of quinidine sulfate in the prevention jof paroxysmal 
ventricular tachycardia is demonstrated. 
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MASSIVE CARDIAC HYPERTROPHY 
A Case Report 

Joseph C. Doane, M.D., and Norman J. Skversicy, M.D. 

Philadelphia, Pa. 

I T IS not uncommon to find large hearts at the autopsy table, hut 
1 weights in excess of 1,000 grams are rare, if one may judge by the 
number of case reports. In the past one hundred years, less than fifty 
cases have been reported in which the heart weighed more than 1,000 
grams. In the majority of instances, such enlarged hearts were found 
to be the seat of valvular deformities, either single or multiple, of 
adhesive pericarditis, or of some sort of congenital defect. 1 In addi- 
tion, there were usually other abnormalities, such as high blood pres- 
sure, chronic pulmonary disease, hyperthyroidism, chronic nephritis, 
deformities of the thorax, peripheral arteriovenous fistulae, von 
Gierke’s disease, myxedema, beriberi, myocardial infarction, and in- 
terstitial myocarditis (Fiedler’s myocarditis). 2 " 4 In approximately 15 
per cent of these cases, however, the cause of the massive hypertrophy 
was not discovered. These cases have been classed by some pathol- 
ogists under the heading of idiopathic cardiac hypertrophy. We de- 
sire to present a case of cardiac hypertrophy which was discovered 
clinically and confirmed at autopsy in a patient who had had previous 
myocardial infarction without actual coronary occlusion. 


CASE REPORT 


A 66-year-old white physician walked into the Jewish Hospital Nov. 
22. 1942, stating that, while engaged in his usual professional rounds, 
be was seized with severe precordial pain which radiated to the left 
shoulder and down the left arm. He had marked shortness of breath. 
Three weeks earlier he had a similar attack while attending a wrestling 
match. At that time he was hospitalized for one day and was dis- 
charged symptom free. An electrocardiogram then showed no evi- 
dence of recent cardiac damage. The past medical history was irrele- 
vant except that for the preceding year he had had numerous sore 
throats and had taken small doses of sulfonamides frequently. He 
was a sthenic person who had been active athletically all of his life. 

Physical examination disclosed a man who appeared extremely ill. 
His color was ashen. His skin was cold and clammy. The respirations 
were 40 per minute. The rectal temperature was 97° F. The blood 
pressure was 152/92 in the right arm and 142/90 in the left arm. His 
pulse was weak and thready, and its rate was 150 per minute. The 
icarl sounds were distant. There was a protodiastolic gallop at the 
>ase, and occasional extrasystoles were heard. The left border of the 
w ait e xtended to the anterior axillary line. The lungs were normal. 
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The edge of the liver was palpable 4 cm. below the right costal margin. 
There was evidence of peripheral arteriosclerosis, but no edema. 

Emergency treatment consisted of morphine sulfate (% grain), 
atropine sulfate (Vi 50 grain), papaverine hydrochloride (1 grain), and 
the use of an oxygen tent. The patient had a leucocytosis of 13,000, 
with a polymorphonuclear count of 90 per cent. The erythrocyte sedi- 
mentation rate was 18 mm. in one hour (our normal, 9 mm.). An elec- 
trocardiogram at this time showed a relatively rapid tachycardia, with 
left bundle branch block. During the first few days the patient’s con- 
dition remained critical. Gallop rhythm persisted. Dyspnea and 
cyanosis were marked. The blood pressure fell to 110/70, and mois- 
ture appeared at the . bases of both lungs. The patient was slowly 
digitalized, and soon appeared and felt much improved. Convales- 
cence was uneventful until the evening of Dec. 11, 1942, when he de- 
veloped. while speaking to his relatives, sudden, flaccid, right-sided 
hemiplegia, with aphasia. The intravenous administration of a grain 
of papaverine resulted in the return of speech in two or three minutes, 
and he was soon able to move his right arm and leg. By the next day, 
no residual signs remained. On Dec. 20, 1942, the patient enjoyed a 
hearty breakfast and sat up in bed to read a newspaper. Twenty min- 
utes later he was found dead. 

Autopsy was performed two hours after death. The heart weighed 
1,150 grams. The left ventricular wall varied from 21 to 26 mm., and 
the right ventricular wall, from 5 to 6 mm., in thickness. Moderate 
coronary atherosclerosis was present, but the lumina of the vessels 
were very wide ; the coronaries measured as much as 1 cm. in circum- 
ference. There was no evidence of occlusion. On the lateral aspect 
of the left ventricle an area of necrosis and mucoid degeneration, with 
hemorrhage, approximately 3 cm. in diameter, was seen. The cardiac 
musculature showed moderate fibrosis, especially near the apex. The 
papillary muscles were markedly hypertrophied and fibrotic. 

Microscopic sections of the heart muscle showed hypertrophy of all 
fibers. The amount of fibrous interstitial tissue was increased, and 
active fibroblastic proliferation was present. There was no evidence 
of perivascular inflammation. Sections of the area of myocardial 
necrosis revealed degeneration and necrosis of muscle fibers, invasion by 
fibroblasts, and early collagen deposition and lymphocytic infiltration. 


COMMENT 

A case of massive cardiac hypertrophy is presented, in which there 
were no valvular lesions or other possible causes for the enlargement. 
In considering the diagnostic possibilities, for the sake of completeness, 
at least, one should not forget myocarditis of unknown origin, as de- 
scribed by Fiedler, 2 * 4 which occurs with no other demonstrable disease 
that can be correlated with the cardiac state. The appearance of this 
type of interstitial myocarditis in apparently healthy persons who 
more or less suddenly develop progressive myocardial failure has been 
described by a number of other investigators. Such patients are prone 
to suddenly develop dyspnea, cyanosis, tachycardia, weakness, and to 
die suddenly, as was the case with our patient. In most of the cases 
reported, however, the patients were between the ages of 20 and 50 
years. Microscopic examination of these hearts shows diffuse infiltra- 
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tion of interstitial tissue by lymphocytes, monocytes, and, to a lesser 
degree, polymorphonuclear, eosinophile, and plasma cells. Numerous 
fibroblasts and new blood vessels are also observed. The pathologic 
and histologic picture in our ease was not that of myocarditis. The 
athletic history of the patient may have had some bearing. The ease 
is of unusual interest, not only because of the size of the heart, but 
because of the absence of explanatory pathologic changes within the 
heard itself or elsewhere. 
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Lange, K., and Linn, J. B.: Use of Fluorescein Method in Establishment of 

Diagnosis and Prognosis of Peripheral Vascular Diseases. Arcli. Int. hied. 74: 

. 175, 1944. 

Fluorescein, when injected intravenously, can be made visible by a beam of long 
nave ultraviolet radiation on reaeliing any area of exposed skin or mucous mem- 
branes with the blood stream. 

The physical prerequisites for a good visualization of fluorescein in the tissue 
and capillaries are the use of an appropriate long wave ultraviolet ray- source and 
a darkroom. A photoelectric method to indicate the arrival of the dye and to 
measure the intensity of staining may also be used. 

Fluorescein is not toxic. Over 1,000 patients have been examined by this method 
without untoward reactions, except that 11 patients had vomiting of short duration 
during the injection. Experiments on animals showed extremely low toxicity. The 
dye travels with the blood stream and diffuses immediately through the capillaries 
into the interstitial spaces. Dead cells do not stain. Fluorescein is partly adsorbed 
to the plasma proteins. Pathologic changes in plasma proteins do not change the 
amount of fluorescein immediately available for diffusion. 

Ultrafiltration experiments show that the amount of dye diffusing into the tissue 
depends on intracapillary pressure: if the latter rises, the amount which diffuses 
- the tissue with the water increases without changing the concentration. Changes 
in capillary permeability change the amount which diffuses as well as the concentra- 
tion. Even slight inflammation increases the fluorescence of the tissue. Pigmenta- 
tion, especially in colored people, makes the test unreliable, although certain basic 
facts can still be elicited. The degree of fluorescence depends on the amount of 
blood flowing through a certain part of the body. Objective determinations of 
circulation time in normal persons showed that the circulation time between the 
arm and the lips is between fifteen and seventeen and one-half seconds, while the time 
to the legs normally should not exceed twice this figure. 

Nine patients witli acute embolism of the legs were examined. It was possible 
to define exactly the lowest possible level of amputation as far as the skin is con- 
cerned and to decide immediately on the probable formation of sufficient collateral 
circulation to avoid amputation. 

Block of the sympathetic lumbar ganglions should be performed to avoid mistakes 
caused by vasospasm. 

The immediate diagnosis of thrombotic occlusion can also be made. 

Small gangrenous areas in arteriosclerotic peripheral vascular disease can be 
judged as to the prospect for healing, localization, or further spread. 

There arc two functional types of arteriosclerotic peripheral vascular disease as 
shown by tliis test. The first form concerns the larger vessels, mainly causing 
rapidly spreading gangrene in the periphery, while the other occludes mainly small 
arteries with capillaries, thereby not necessitating large amputations. 

Thromboangiitis obliterans has usually a higher fluorescence than one -would 
expect from the lack of arterial pulsations. Tliis discrepancy is a leading sign. 
Spotty fluorescence may complete the picture. 
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Vasospastic disorders have a low fluorescence during the attack, which immediately 
returns to normal or even increases above normal on blockage of the sympathetic 
diain. 

Rubor on an inflammatory basis in a limb with arteriosclerotic peripheral vascular 
disease can be well differentiated from venous congestion (rubor on dependency). 

Thrombophlebitis of superficial vessels can be well made out as long as it is in- 
flammatory and the extent of the inflammation can be outlined. 

Ulcers of the leg on a varicose vein basis can be judged as to their outlook for 
healing and skin grafting. Syphilitic ulcers of the leg have a specific picture in the 
fluorescein test which distinguishes them from varicose vein ulcers. 

Authors. 

Bain, C. W. C.: Incomplete Bundle Branch Block. Brit. Heart J. 6: 139, 1944. 

Six cases of incomplete bundle branch block have been described. In none did 
the duration of the QRS exceed 0.10 second when incomplete bundle branch 
block was judged to be present. In all of the cases normal complexes have been 
present for comparison, either in the same record or within a short period. 

The evidence suggests that the cases could be divided into three groups. 

The first shows a slight increase in the QRS without axis deviation as exempli- 
fied by the aberrant ventricular response to an auricular premature systole. These 
are probably due to a bilateral delay down each main branch (Case 1). 

The second shows delay down one branch, fulfilling the criteria for bundle 
branch block except that the QRS does not exceed 0.10 sec. (Cases 1, 2, 3, 4 
and 6). 

The third shows transitional complexes (Cases o and G). In these cases it is 
likely that the transitional complexes were due to a combination of bilateral 
delay down each main branch with additional delay down one branch, since both 
cases had an unstable branch block which sometimes changed from right to left, 
and there was not much axis deviation, although the QRS duration was 0.10 
second. 

Author. 


Hume, W. E., and Szekely, P.: Cardiac Involvement in Spirochaetal Jaundice. 

Brit. Heart J. 6: 135, 1944. 

The authors report a case of spirochetal jaundice with electrocardiographic 
evidence of transient myocardial involvement. For five days following admission 
the electrocardiogram showed auricular fibrillation and a sinus rhythm with T- 
wave changes, all of which had disappeared four months later. It is believed that, 
if more extensive studies were made in eases of jaundice, especially those with 
very low blood pressure and changes in the character of the heart sounds, more 
instances of myocardial involvement might perhaps be encountered. 

The authors believe that the electrocardiographic changes can be accounted 
for by direct involvement of the heart either in the form of multiple hemorrhages 
or of toxic damage to the heart muscle, or both. 

Authors. 

Eramwcll, C., and Jones, A. M.: Acute Left Auricular Failure. Brit. Heart J. 6: 

129, 1944. 

two cases of mitral stenosis with acute pulmonary edema leading to death about 
the middle stage of pregnancy are described. 

_Thc mechanism of production of this complication is discussed and it is at- 
tributed to acute left auricular failure. 


Authors. 
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Rich, A. R., and Gregory, J. E.: Further Experimental Cardiac Lesions of the 

Rheumatic Type Produced hy Anaphylactic Hypersensitivity. Bull. Johns 

Hopkins Hosp. 75: 115, 1944. 

In preceding papers we have described and illustrated cardiac lesions of the 
rheumatic typo that were produced in animals by hypersensitive reactions to foreign 
protein ; shown the basic identity of rheumatic pneumonitis with the pneumonitis 
resulting from sulfonamide hypersensitivity in nonrheumatics; and assembled evi- 
dence of a variety of other types in support of the view that human rheumatic 
lesions represent the results of focal hypersensitive reactions. In the present 
paper further experimental cardiac hypersensitive lesions of the rheumatic type are 
illustrated. Studies illustrating experimental hypersensitive pneumonitis and arth- 
ritis will be presented shortly. 

Authors. 

Wilson, M. G., and Lubschez, R.: Recurrence Rates in Rheumatic Fever: The 

Evaluation of Etiologic Concepts and Consequent Preventive Therapy. J. A. 

M. A. 126: 477, 1944. 

The expected risk for a major recurrence of rheumatic fever at. specific ages from 
4 to 25 years and for various patterns of disease -was defined from the analysis 
of the records of 499 rheumatic individuals during 5,677 person-years of life ex- 
perience. 

The only factors which were found to influence the risk of future recurrences were 
age and the interval of time elapsing since the last attack. 

Most published studies on the relative frequency of rheumatic fever in experi- 
mental and control groups do not appear to meet the basic requirements for ade- 
quate biostatistieal analysis. Final judgment as to the validity of etiological con- 
cepts and consequent preventive therapy, which are based on these studies, must 
be deferred. 

Authors. 

Jones, T. D.: The Diagnosis of Rheumatic Fever. J. A. M. A. 126: 481, 1944. 

For the present, it would seem advisable to limit the diagnosis of rheumatic fever 
to patients with rather distinct clinical manifestations. It is suggested that the 
following constitute reasonably certain diagnostic criteria: 

Any combination of the major manifestations (carditis, arthralgia, chorea, 
nodules, and a verified history of previous rheumatic fever). 

The combination of at least one of the major manifestations with two of the 
minor manifestations (fever, abdominal or precordial pain, erythema, marginatum, 
epistaxis, pulmonary changes, and laboratory abnormalities). 

The presence of rheumatic heart disease increases the diagnostic significance of 
the minor manifestations when no other cause for these manifestations exists. 

Small though probably insignificant errors may be found with these criteria. 
Numerous clinical entities as enumerated may be confused with rheumatic fever. 
Clinical observations and, wherever possible, specific diagnostic tests should be ap- 
plied in any diagnostic problem. 

Author. 

Van Ravenswaay, Arie C.: The Geographic Distribution of Hemolytic Strepto- 
cocci: Relationship to the Incidence of Rheumatic Fever. J. A. M. A. 126: 

486, 1944. 

Baeteriologic studies at eight Army Air Forces installations during the period 
from Jan. 1 to April 21, 1944, reveal that Group A hemolytic streptococci isolated 
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from cases of upper respiratory disease, scarlet fever, and acute rheumatic fever 
belonged to a multiplicity of Lancefield types. 

At none of the posts studied was a single epidemic strain responsible for the 
streptococcic disease observed. 

At the posts studied, bacteriologie data obtained after the development of acute 
rheumatic fever were not applicable to the preceding upper respiratory infections. 

An apparent correlation was observed between post survey (carrier) rates from 
Group A hemolytic streptococci, incidence rates for scarlet fever, and the incidence 
of acute rheumatic fever. 

Author. 


Thomas, C. D.: Prevention of Eecurrences in Rheumatic Subjects. J. A. M. A. 
126: 490, 1944. 

The belief is expressed that, in spite of the difficulties involved, the increasingly 
widespread use of prophylactic sulfonamides will bring tremendous advance in the 
problems of rheumatic fever and rheumatic heart disease. 

Author. 

Rutstein, D. D.: The Role of the Cardiac Clinic in the Rheumatic Program. J. A. 
M. A. 126: 4S4, 1944. 

A community rheumatic fever program is essential if complete care is to he 
given to patients suffering from rheumatic disease, and the cardiac clinic with an 
affiliated registry should serve as the focus around which the community rheumatic 
fever program should be built. 

Author. 

Wellen, I., Welsh, C. A., and Taylor, H. C.: The Effect of Pregnancy and Renal 
Function in Women With Pre-Existing Essential Hypertension and With 
Chronic Diffuse Glomerulonephritis. J. Clin. Investigation 23: 742, 1944. 

Renal function studies made upon patients with essential hypertension indicate 
that pregnancy is associated with a slight temporary increase in renal blood flow. 
Glomerular filtration rate and the tubular excretory mass (Diodrast Tm) are un- 
affected by pregnancy in these women. 

Comparison of results obtained during pregnancy and for an observation period 
of one to four years after delivery indicate that pregnancy itself, when uncompli- 
cated by specific toxemia, does not cause any deterioration of renal function in 
women with essential hypertension or chronic glomerulonephritis. 

Authors. 

Rappaport, M. B., and Luisada, A. A.: Indirect Sphygmomanometry. A Physical 
and Physiologic Analysis and a New Procedure for the Estimation of Blood 
Pressure. .T. Lab. & Clin. Med. 29: 635, 3944. 

An apparatus is described which can register graphically and simultaneously all 
of the physiologic phenomena, which must be evaluated for the estimation of blood 
pressure by the palpatory, oscillatory, and the auscultatory methods. This graphic 
device eliminates the human element with its subjective differences in the apprecia- 
tion r<f the physiologic signs and makes possible a quantitative comparison of the 
as - ociated phenomena. 

The theoretical principles fundamental to the palpatory, oscillatory, and the 
auscultatory methods are discussed. With the aid of the above mentioned ap- 
paratus, the authors have observed: 

L In an oseillometrie curve, the configuration of the pmlse wave is modified 
-.v.w-n the* limits of systolic and diastolic pressure. The degree of modification 
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is a function of the systolic, diastolic, and cuff pressures. The wave form is un- 
modified only when the cuff pressure is lower than the diastolic pressure level. 

2. Diastolic pressure is represented in the oscillometric curve by the first arterial 
pulsation which is undistorted during its most negative phase. 

. 3. The oscillatory method is reliable in the estimation of the systolic blood 
pressure only when accurate spliygmograpliic registrations are made. Inaccurate 
or poor spliygmograms do not indicate distinctly the initial appearance of the minute 
wave which represents the beginning of ejection of blood into the artery as dif- 
ferentiated from the surpramaximal oscillations. 

4. The gradual tapering-off of the pulse amplitude in an oscillometric curve 
below the diastolic pressure level commonly described is not a physiologic phe- 
nomenon but a definite instrumental error. This is essentially due to a diminution 
in the efficiency of the cuff as a detector of arterial pulsations when the pressure 
is lowered. The use of independent pressure and registration cuffs eliminates this 
source of error. 

5. The Korotkow sounds occur simultaneously with the sharp primary oscillation 
of the brachial pulse which is the beginning of the ejection of blood info the ar- 
tery. 

G. There are two major contributing factors to the production of the Korotkow 
sounds; the mechanism of each is described. 

7. The first distinct Korotkow sound (systolic pressure level) generally occurs 
simultaneously with the first distinct sharp primary oscillation of an oscillometric 
curve. The first suddenly diminished Korotkow sound (auscultatory diastolic pres- 
sure level) corresponds very closely to the first undistorted arterial pulsation. 

8. An explanation is given for the sudden diminution in the intensity of the 
Korotkow sounds at diastolic pressure. 

9. As 'a general rule, the systolic pressure is underestimated because the first 
Korotkow sound which appears during a gradual cuff deflation possesses an in- 
tensity below human audibility. 

10. Diastolic blood pressure as judged by the auscultatory method (when the 
sounds suddenly become dull and muffled) corresponds exactly with the recorded 
values and within close limits with the negative transition effect of the oscillometric 
curve. Any other sound phase does not bear any relationship whatsoever with 
diastolic pressure. 

11. The stethoscopic method of sound registration shows the first Korotkow 
sounds (systolic pressure level) most distinctly, whereas the logarithmic method 
registers the sudden diminution (diastolic pressure level) more distinctly than the 
stethoscopic method. 

12. In some instances, the sudden muffling effect at the diastolic pressure level 
is not audible. In such cases, the graphic method may show this diminution effect 
with sufficient clarity to accurately estimate the diastolic blood pressure. 

13. Considerable error may be introduced when estimating the systolic blood 
pressure by the palpatory method. The degree of error may be in the order of sev- 
eral millimeters of mercury below the actual value. 

14. The diastolic pressure level cannot be estimated by the palpatory method, 
because the sense of human feeling cannot detect the instant when the arterial 
pulsation initially attains an undistorted configuration. 

The graphic registration method wliich registers all of the physiologic phe- 
nomena associated w r itli indirect sphygmomanometry, has application in the more 
exact studies of blood pressure. The method shall prove useful in the clarification 
of such phenomena as the auscultatory gap, the double tone of Traube, the . double 
murmur of Duroziez, the murmur accompanying the pistol shot pulse, etc. 


Authors. 
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de Takats, G.: The Value of Sympathectomy in the Treatment of Buerger’s Dis- 
ease. Surg., Gynec. & Obst. 79: 359, 1944. 

Sympathectomy deprives the extremity of its vasoconstrictor tone. It does not 
influence the course of Buerger’s disease. However, when this disease is in an in- 
active phase and when adequate preoperative tests reveal the presence of sufficient 
collateral vascular supply, sympathectomy will aid an extremity considerably whose 
vessels have been crippled by recurrent attacks of segmental thrombosis. In this 
series of 50 patients 136 sympathectomies have been done; about one-half of those 
patients have also had minor amputations combined with sympathectomy. Of the 50 
patients, 37 have been rehabilitated to full-time work, 7 are doing part-time work, 
and only 6 are invalids. In addition to foot hygiene and complete abstinence from 
tobacco, a change of occupation is important for those whose feet are continuously 
subjected to an exposure to cold or trauma. 

Author. 

Benians, T. H. C.: A Vasospastic Factor in the Serum of a Case of Raynaud’s 
Disease With Cold Agglutination Experiments on Rabbits. J. Lab. & Clin. 
Med. 29: 1074, 1944. 

A serum containing high titer cold antibodies, and derived from a case of 
Raynaud's disease, is shown to cause fatal pulmonary artery spasm in rabbits when 
given, eold, intravenously. This effect is mitigated by giving the serum warm. It is 
suggested that these cold antibodies have a direct effect, probably' of an allergic 
type, on arterial musculature both in the experimental animal and the clinical case. 
It is further suggested that the frequent association of cold antibodies with a 
Wassermann-like body point to an origin of the former from diseased vascular 
structures and this again would help to explain their action on both blood cells 
and vessels. A possible function of cold antibodies in normal vascular control is 
mentioned, these may or may not be the basis of prototype of the high titer cold 
antibodies. 

Preliminary experiments in protection against the eold antibodies by the intra- 
venous injection of lipoids have been carried out with some success. 

Author. 

Taylor, C.: Some Properties of Maximal and Submaximal Exercise With Ref- 
erence to Physiological Variation and the Measurement of Exercise Tolerance. 
Am. J. Physiol. 142 : 200, 1944. 

Thirty-one subjects have been given a test twice, consisting of a four-minute 
walk on the treadmill and a run to exhaustion after a four-minute, interim rest, 
the retest following in three days. Heart and respiration rates, ventilation, blood 
lactate, per cent of oxygen and CO., and oxygen consumption were determined 
during the walk and during the last minute of the run, and the first three of these 
measures throughout both walk and run. From these data it has been possible to 
evaluate tiie sources of variation in the physiologic measures and their validity as 
indicators of fitness. 

AUTHOR. 

Finc, J., and Seligman, A. M.: Traumatic Shock. VII. A Study of the Problem 
of the “Lost Plasma” in Hemorrhagic Tourniquet, and Eura Shock hy the 
Use of Radioactive Iodo-Plasma Protein. J. Clin. Investigation 23: 720, 1944. 

. *’ l!l£Tca Proteins tagged with radioactive iodine were used to study the capillary 
leakage hypothesis in hemorrhagic, tourniquet, and hum shock. No evidence of 
leakage due to a change in the permeability of the generalized capillary bed was 
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found. Tagged plasma proteins escaped into areas of injury in considerable amounts, 
but not into untraumatized areas. This was also true after plasma infusion. 

There is also evidence to show that the general capillary bed does not become 
more permeable to plasma proteins or plasma in the late or irreversible phase of 
hemorrhagic shock following transfusion. 

Poliowing saline therapy in hemorrhagic shock, plasma proteins are carried out 
of the blood stream with saline. This occurs to a greater extent in irreversible than 
reversible hemorrhagic shock. The volume of dilute plasma lost in this way is 
small. 

Authors. 

Fine, J., Frank, H. A., and Seligman, A. M.: Traumatic Shock. VIII. Studies in 

The Therapy and Hemodynamics of Tourniquet Shock. J. Clin. Investigation 

23: 731, 1944. 

The application of tourniquets to both hind legs of unanestheized dogs for five 
hours is not always followed by shock. If shock occurs, it is of moderate intensity. 
Saline solution given intravenously is curative. 

The application of tourniquets to unanesthetized dogs for eight to eleven hours 
wall uniformly produce shock which is fatal if untreated. Intravenously admin- 
istered plasma, 5 per cent bovine albumin in saline solution, or 25 per cent bovine 
albumin supplemented by peroral fluid are effective therapeutic agents, if the de- 
ficiency in plasma volume is made good while the blood pressure is above GO mm. 
Hg. Occasionally, they may be effective at blood pressures between GO and 40 
mm. Hg. Physiologic saline, 25 per cent albumin without peroral fluid, and 5 per 
cent saline with peroral water are not effective. 

The critical blood pressure level of tourniquet shock is much higher than that of 
hemorrhagic shock. This may bo related to the deleterious effect on cardiac out- 
put of the increased blood viscosity of tourniquet shock. Consequently, the high 
viscosity requires that plasma or plasma substitutes rather than whole blood be 
the agent of choice for blood volume replacement therapy. 

Effective therapy is always accompanied by a substantial reduction in hemato- 
crit and usually by a substantial restoration of the deficiency in plasma volume. 

The course of events following ineffective though adequate blood volume replace- 
ment therapy of tourniquet shock is not materially altered by the administration 
of sodium succinate. Cure of five-hour tourniquet shock, attributed by other in- 
vestigators to succinic acid, is achieved by saline therapy alone in experiments in 
which anesthesia is omitted. It is therefore apparent that'' any value sodium suc- 
cinate may have demonstrated in studies by other investigators may be attributable 
to its ability to counteract the depressing effect of barbiturates. 

Authors. 

Blackman, S. S., Jr., Thomas, C. B., and Howard, J. E,: The Effect of Testosterone 

Propionate on the Arterial Blood Pressure, Kidneys, Urinary Bladder and 

Livers of Growing Dogs. Bull. Johns Hopkins Hosp. 74: 321, 1944. 

Testosterone propionate given subcutaneously to growing puppies of both sexes 
for periods of six and fourteen weeks produced effects which are well known in other 
species of animals. The androgen had little effect on the arterial blood pressure of 
the dogs. 

The liver of each treated dog and the kidneys of the dogs treated for fourteen 
weeks were enlarged by approximately 11 to 17 per cent. The urinary bladders of 
the treated dogs were considerably enlarged, due probably to hypertrophy of smooth 
muscle. No effect of the androgen could, be detected on the microscopic appearance 
of the renal juxtaglomerular tissue. 


Authors. 



Book Reviews 


The Electrocardiogram. Its Interpretation' and Clinical Application: By 

Louis H. Sigler, M.D., Attending Cardiologist and Chief of Cardiac Clinics, Coney 

Island and Harbor Hospitals, Hew York. Grune & Stratton, Inc., New York, 

1944, 400 pages, 203 illustrations. 

This ambitious work is divided into twenty-five chapters in which all phases of 
electrocardiography are taken up. The text is profusely illustrated with diagrams 
and photographs of many actual electrocardiograms. The latter, except for a small 
number, are well chosen and satisfactorily reproduced. 

The material in the book is not, in the reviewer’s opinion, particularly well 
organized. In many chapters there are discussions and figures relating to electro- 
cardiographic conditions that are treated elsewhere in detail, and Chapter XVI, 
entitled “Other Abnormalities in the Electrocardiogram,’’ is largely made up of 
a curious collection of unrelated tracings, practically all of which might logically 
be presented in other sections of the book. The author discusses multiple pre- 
cordial leads in some detail in the final chapter, but fails to refer to leads of this 
type in earlier sections dealing with myocardial infarction, bundle branch block, and 
ventricular hypertrophy. This arrangement of material may have advantages, but 
does not properly emphasize the proved value of these leads in the conditions men- 
tioned. Relative to myocardial infarction and ventricular hypertrophy, the reviewer 
cannot agree with the following statement, made on page 390: In cases of infarc- 
tion, or in those of ventricular preponderance in which the standard leads show 
specific changes, there is, as a rule, no need of wasting time in obtaining any of the 
precordial leads.” From the standpoint of diagnosis alone, multiple precordial 
leads may bo unnecessary when one is dealing with infarction. Such leads are, never- 
theless, of great value when patients have anterior infarcts because they give in- 
formation relative to the size of the lesion, and this has obvious bearing on the 
prognosis. Furthermore, multiple precordial leads are frequently necessary to decide 
whether right or left axis deviation in the standard leads is due to hypertrophy 
of the right or left ventricle or is caused by a peculiarity in the position of the 
heart. 

Chapters I and H, concerned with equipment and methods for taking electro- 
cardiograms, arc not as complete as could be wished and contain a number of minor 
inaccuracies. 

The discussion of bundle branch block, in Chapter XV contains some statements 
that are open to question. The view of the author that the QRS interval must be 
over 0.13 second before complete branch block can be considered to be present is 
certainly not a generally accepted one, and the suggestion that a large part or all of 
a bundle branch supplying one ventricle must be damaged before complete bundle 
branch block can occur is not in accord with experimental facts. 

The chapters concerned with the cardiac arrhythmias are satisfactory, and the 
sections dealing with trauma of the heart and the electrocardiogram in various states 
contain much worth-while material not fully treated in other books on this subject. 

The author must be complimented on his conservative attitude, expressed in the 
preface, relative to the role that the electrocardiogram should play in the diagnosis 
" f h4art disease. Although this book cannot be heartily recommended for the dis- 

S2G 



BOOK REVIEWS 


827 


cussions relating 1 to the physical basis of the electrocardiogram or for the funda- 
mental approach that lias been employed, it has many attractive features and should 
be of value to students of electrocardiography. 

F. D. Johnston. 

A Bibliography op Aviation Medicine, Supplement: By Phebe Margaret Hoff, 
Ebbe Curtis Hoff, and John Farquhar Fulton. Committee on Aviation Medicine, 
Division of Medical Sciences, National Research Council, 1944, 77 pages, plus keys 
and indexes, 2,330 entries, $2.50. 

This supplement brings its rapidly expanding subject up to date, and maintains 
the high standard of the original Bibliography (cf. Am. Heart J. 24: 577, 1942). 

Horace M. Korns. 


Books Received 


Pl'blicacionks cel Centro de Ixvestigaciones Tisiologicas. Director: Professor 
Roque A. Izzo. Volume vii, Pabellon ‘‘Las Provincias , ’ ’ Buenos Aires, 1943, 402 
pages. 
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